RD-fll57  724  nERSUREHENT  OF  RF  (RADIO  FREOUENCV>  FIELDS  ASSOCIATED  172 
WITH  ISA  (INDUSTRIA.  .  (U>  OHIO  UNIV  ATHENS  AVIONICS 
ENGINEERING  CENTER  J  D  NICKUN  ET  AL.  MAV  85 
UNCLASSIFIED  0U7AEC7EER-67-1  D0T7FAA7ES-8472  F7G  28714  NL 


SliiUila 


AD-A157  724 


DOT/FAA/ES-84/2 

Systems  Engineering  Service 
Washington,  D.C.  20591 


Measurement  of  RF  Fields  Associated 
With  ISM  Equipment  as  it  Relates  to 
Aeronautical  Services 


James  D.  Nickum 
William  Drury 


Avionics  Engineering  Center 
Department  of  Electrical  and 
Computer  Engineering 
Ohio  University 
Athens,  Ohio  45701 


May  1985 
Final  Report 


This  document  is  available  to  the  public 
through  the  National  Technical  Information 
Service,  Springfield,  Virginia  22161. 


US.  Department  of  Transportation 

Federal  AwloHon  AGhnMftration 


85  .8  01  013 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


T**!balc«l  Report  OaeiHiMHitation  Pa9* 


Measurement  of  RF  Fields  Associated  with  ISM 
Equipment  as  it  Relates  to  Aeronautical 
Services 


7« 

James  0.  Nickum,  P.E.,  William  Drury 


y«  A44««i» 


May  1985 


t.  Orfam«a<i«M  a*#***  Ntt. 

OU/AEC/EER  67-1 


i4.  Mafii  Umi  N*.  (TAAIS) 


Avionics  Engineering  Center  „  ^  - - - 

Department  of  Electrical  &  Computer  Engineering  DTFA01-83^C-*10007 

Athens,  Ohio  45701-2979  tt-s - — .-1  ■— — -.mi., 

13.  >  yM  aitj  Pariah  c«»«ra4 

12.  N«ms  «ai4  A44p««a 

Federal  Aviation  Administration  FINAL  BEPORT 

Spectrum  Engineering  Division,  AES-500 
Washington,  D.C.  20590 


■  4.  Ab»ifa«t  ^ 

Described  are  the  RF  field  measurements  of  four  Industrial,  Scientific 
and  Medical  devices  to  characterize  the  fundamental  and  4th  harmonic 
radiation  from  these  devices  according  to  FCC  Part  18  and  CISPR 
Publication  11  and  llA.  The  effects  of  the  4th  harmonic  radiation  is 
considered  with  respect  to  ILS  localizer  receiver  susceptability *  The 
testing  was  performed  at  an  open  field  test  site  with  measurements  made 
on  the  ground  and  at  elevation  angles  from  45  to  75  degrees. 
.Additionally,  an  aircraft  equipped  with  calibrated  antennas  was  flown 
over  the  ISM  device  to  determine  the  RF  fields  radiated  overhead  at  the 
4th  harmonic  of  the  fundamental  operating  frequency.  The  four  ISM 
devices  consisted  of  one  with  25  kW  power  output,  two  with  2  kW  power 
output,  and  one  at  3  kW  power  output. 

Results  indicate  that  RF  fields  (at  ILS  localizer  frequencies)  of  20  to 
40  dB  above  FCC  limits  can  exist  as  a  result  of  ISM  equipment  4th 
harmonic  emissions  in  the  vicinity  of  ISM  equipment.  Co-channel 
emissions  from  ISM  devices  on  localizer  frequencies  can  produce  CDI 
deviations  in  excess  of  5^^''at  the  missed  approach  point  for  certain 
locations  of  ISM  equipment.  ^ 
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Industrial,  Scientific  and  Medical,  This  document  is  available  to  the 
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Measurements.  ILS  Localizer.  Technical  Information  Service, 

Springfield,  Virginia  22161 
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I. 


INTRODUCTION 


This  report  details  the  procedures,  measurements,  analysis,  and  recom¬ 
mendations  of  a  measurements  program  which  was  designed  to  determine  the 
radio  frequency  (RF)  fields  of  the  fundamental  and  4th  harmonics  of  devices 
classed  as  industrial,  scientific,  and  medical.  This  equipment  is  licensed 
to  operate  from  26.96  -  27.28  HHz;  and  the  emission  of  harmonics  is  regu¬ 
lated  by  the  United  States  under  the  Federal  Communications  Commission 
(FCC)  Part  18  of  the  Rules  and  Regulations. 

The  4th  harmonica  of  this  equipment  fall  within  the  frequency  alloca¬ 
tion  of  the  aeronautical  instrument  landing  system  (ILS)  band.  Therefore, 
the  FAA  is  Interested  in  what  real  RF  fields  exist  over  and  around  any 
Industrial,  scientific  and  medical  (ISM)  device  and  what  RF  fields  are 
capable  of  causing  serious  interference  to  aeronautical  users.  The  FAA's 
interest  is  in  obtaining  actual  measured  results  in  order  to  substantiate 
requests  made  to  the  FCC  to  increase  or  decrease  emissions  standards  for 
certification  of  ISM  devices.  This  report  presents  data  comparing  the  RF 
fields  measured,  based  on  FCC  and  Comite  International  Special  Des 
Perturbations  Radloelectrlques  (CISPR)  procedures,  to  the  RF  fields 
measured  by  an  aircraft  flying  over  the  ISM  device  at  various  elevation 
angles . 

Four  ISM  devices  were  tested  for  this  report.  One  device  with  an  RF 
power  output  of  23  kW,  two  devices  at  2  kW,  and  one  device  at  3  kU  were 
tested  at  the  Elite  Electronic  Engineering  open  field  test  site  in 
Waterman,  Illinois.  The  class  of  ISM  devices  tested  was  dielectric  sealers 
used  to  seal  vinyl  and  other  similar  materials.  The  load  used  for  these 
tests  was  silicone,  in  order  to  obtain  a  longer  dwell  time  for  ease  in 
making  the  RF  measurements. 

The  equipment  selected  for  these  tests  was  chosen  as  a  representative 
range  of  devices  currently  used  in  the  Industry  with  power  outputs  in  the 
range  of  2  -  25  kW.  Additionally,  the  ISM  devices  were  new  equipment. 

Tests  were  performed  in  three  categories.  The  first  was  that  RF 
emission  tests  were  to  be  made  according  to  FCC  and  CISPR  procedures  as  if 
the  equipment  were  to  be  certified  for  use.  Second,  a  set  of  tests  was 
made  such  that  an  antenna  could  be  placed  at  various  elevation  angles  to 
measure  any  radiation  occurring  at  vertical  angles.  Third,  a  set  of 
measurements  was  made  using  an  aircraft  equipped  with  calibrated  antennas 
and  flown  over  the  ISM  device  to  deteralne  the  presence  of  any  significant 
vertical  lobes  of  RF  radiation  on  the  4th  harmonic  of  the  operating  fre¬ 
quency  . 

Additionally,  based  on  previous  studies  performed  to  determine  the 
localizer  receiver  susceptabllity  of  various  receivers,  comments  and  recom¬ 
mendations  were  made  to  indicate  the  ability  to  provide  co-channel  inter¬ 
ference  protection  from  ISM  devices  to  ILS  localizer  facilities. 

Additional  comments  were  made  regarding  the  feasibility  and  cost  of  per¬ 
forming  such  measurements  using  an  aircraft  and  the  quality  of  the  measured 
data  vs.  the  cost. 


Th«  reeasurements,  analysis,  and  recommendations  presented  in  this 
report  are  all  derived  from  the  four  ISM  devices  tested.  The  best  proce¬ 
dure,  method,  and  equipment  available  were  used  consistent  with  good  engi¬ 
neering  practice.  As  with  most  engineering  programs,  there  Is  always  one 
more  test  or  refinement  possible;  this  one  Is  no  exception.  There  are 
still  more  measurements  chat  desirably  could  be  made  to  evaluate  the  suita¬ 
bility  of  ?CC  vs.  CISPR  measurement  methods.  Nevertheless,  this  report 
will  present  answers  to  Chose  questions  and  will  state  that  some  others 
must  still  be  asked. 


II.  CONCLUSIONS  AND  RECOMMENDATIONS 


CISPR  and  PCC  Tea tins 


With  regard  to  the  ground-based  measured  data,  all  four  of  the  ISM 
devices  tested  at  the  open  field  test  site  at  Waterman,  Illinois,  passed 
the  FCC  radiated-emlsslons  tests.  Two  ISM  devices  passed  the  CISPR 
radiated  emissions  tests.  The  airborne  tests  indicate  that  a  different 
situation  exists.  None  of  the  ISM  equipment  could  pass  either  the  PCC  or 
CISPR  emissions  standards.  Airborne  test  data  indicate  significantly 
higher  field  strengths  than  the  ground-based  emissions  measurements.  This 
appears  to  be  due  to  RF  absorption  for  low  elevation  angles  and  the  E-field 
boundary  conditions  for  receiving  antennas  close  to  a  ground  plane. 


In  considering  that  the  measured  RP  fields  above  the  ISM  device  can  be 
20  to  40  dB  higher  than  the  RF  fields  measured  on  the  ground,  it  is 
possible  for  the  ISM  signal  to  be  2.8  dB  higher  than  the  91  dBpV/m  RF  field 
measured  from  the  ILS  localizer  at  Ohio  University.  This  is  based  on  the 
minimum  measured  air-to-ground  RF  field  difference  Indicated  by  Table  2  of 
16.9  dB  higher  than  measurements  made  on  the  ground.  If  this  value  is 
added  to  the  FCC  maximum  allowable  field  at  200  feet  over  the  ISM  device 
(76.9  dBpV/m)  the  result  is  93.8  dBpV/m.  The  measured  field  strength  of 
the  localizer  at  Ohio  University  is  91  dByV/m  as  explained  above.  This 
difference  (93.8  -  91.0)  indicates  that  the  ISM  co-channel  interference  is 
2.8  dB  above  the  ILS  localizer  signal. 


The  equivalent  CISPR  comparison  produces  an  Interference  signal  level 
of  58.6  dBitV/m  which  results  in  a  locallzer-to-interference  signal  ratio  of 
32.4  dB. 


In  all  of  the  above  FCC  emisslons-related  considerations,  there 
appears  to  be  no  ability  to  protect  the  aeronautical  user  for  certain  con¬ 
ditions  of  ISM  placement  in  the  service  volume  of  the  localizer. 


B.  Ground  vs.  Airborne  Measurements. 

Based  on  the  measurement  data  from  the  ground-based  FCC  tests  and  the 
airborne  tests  performed,  it  is  clear  that  the  RF  fields  existing  at  ver¬ 
tical  angles  surrounding  an  ISM  device  are  substantially  higher  than  the  RF 
fields  measured  on  the  ground.  The  specific  difference  amounts  to  measured 
RF  fields  between  20  and  40  dB  higher  than  those  measured  in  tests  on  the 
ground.  This  indicates  chat  Che  current  FCC  measurement  methods  are  not 
adequate  to  protect  aeronautical  users  for  certain  locations  of  ISM  equip¬ 
ment  near  localizer  facilities. 


Based  on  the  equipment  tested,  some  of  the  devices  exhibited  higher  RF 
emissions  when  shields  were  in  place  than  when  shields  were  removed,  at 
certain  frequencies.  Additionally,  the  absolute  RF  fields  radiated  at  109 
MRz  were  significantly  higher  chan  at  27  MHz  for  certain  devices.  This 
Indicates  the  need  for  careful  design  of  RF  shielding  for  these  devices. 


.  Difficulty  and  Expense  of  Airborne  Measurements 


The  cost  of  malclng  airborne  RF  field  measurements  may  not  be  signifi¬ 
cant  depending  on  the  type  of  ISM  equipment  being  measured  and  the  location 
of  the  equipment  to  be  measured.  There  are  alternatives  to  making  airborne 
measurements,  but  these  methods  provide  less  complete  data  relating  to  the 
presence  and  levels  of  RF  fields  existing  above  the  ISM  equipment.  A 
device  comparable  to  the  Clark  tower  could  be  used  to  determine  the  fields 
that  exist  at  higher  elevation  angles,  but  this  method  does  not  provide 
measurement  capability  directly  over  the  measured  device.  If  the  ISM 
device  Is  being  measured  at  a  site  that  employs  a  turntable,  using  the 
Clark  tower-type  device  Is  relatively  easy,  since  the  tower  can  be  posi¬ 
tioned  and  the  device  under  test  can  be  rotated  on  the  turntable  to  make 
azimuth  measurements. 

If  the  device  to  be  tested  is  located  at  an  operational  site,  the 
problem  of  making  these  measurements  Is  more  significant  using  the  Clark 
tower-type  device.  In  order  to  make  the  measurements,  the  tower  must  be 
moved  for  each  measurement,  which  Is  a  very  time-consuming  activity.  In 
this  case  It  may  be  more  cost  effective  to  make  the  measurements  from  an 
aircraft.  Most  aircraft  are  already  equipped  with  VHF  antennas  that  can 
make  the  necessary  measurement  of  the  4th  harmonic  of  the  ISM  fundamental 
frequency,  and  methods  do  exist  that  allow  calibration  of  the  antenna.  It 
Is  estimated  that  the  airborne  survey.  Including  calibration  of  the 
antenna,  could  be  completed  with  as  little  as  2.75  hours  of  flight  time. 

For  a  single-engine  aircraft  capable  of  this  operation  the  total  costs  of 
renting  an  aircraft.  Including  a  pilot  and  engineering  labor,  would  be 
approximately  $500  for  the  complete  flight  test.  This  assumes  that  the 
necessary  receiving  equipment  Is  already  available.  This  is  not  an  unusual 
criterion  since  the  receiving  equipment  Is  already  required  for  the  ground 
test  procedures.  To  perform  the  same  number  of  azimuth  measurements  using 
the  Clark  tower  device  and  estimating  2  hours  per  measurement  total  using  2 
people  at  $20/hour,  the  labor  costs  would  equate  to  $1440.  Additionally, 
the  measurements  would  take  4.5  chronological  days  to  complete;  whereas  the 
flight  test  data  would  take  less  than  a  day. 

It  appears  that  the  cost  of  making  the  flight  measurements  Is  offset 
by  the  higher  total  cost  of  using  a  ground-based  test  device  such  as  the 
Clark  tower.  The  additional  benefit  of  using  the  aircraft  Is  that  more 
complete  measurements  can  be  made  of  the  RF  fields  that  exist  above  the  ISM 
device  In  a  shorter  time  span.  If  ground  based  measurement  procedures  are 
Improved  so  that  adequate  prediction  of  RF  fields  existing  over  the  equip¬ 
ment  can  be  made,  then  the  need  for  airborne  measurements  could  be  elimi¬ 
nated. 


III.  AIRBORNE  DATA  COLLECTION  SYSTEM 

The  data  colleccloa  system  configuration  (shown  in  Figure  1)  consists 
of  a  Heath  H89  computer  that  controls  several  peripheral  devices  to  collect 
and  record  relevant  data.  These  data  are  the  RF  E-fleld  amplitude,  fre¬ 
quency,  the  aircraft  position,  and  time  of  measurement.  The  H89  is  a 
complete  functional  computer  that  supports  a  console  screen,  console  key¬ 
board,  multiple  disk  drives,  and  three  RS-232  ports.  In  addition,  FORTH  is 
available  for  use  on  the  H89.  The  use  of  FORTH  has  resulted  in  a  reduced 
software  development  time  as  compared  to  assembler  with  faster  execution 
time  compared  to  BASIC. 

To  measure  the  RF  interference  levels,  an  Electro-Metrics  EMC-25 
interference  analyzer  la  incorporated  into  the  system.  The  EMC-25  is 
designed  for  use  as  the  major  component  of  interference  analysis  systems 
from  14  kHz  to  1  GHz.  The  receiver  is  tunable  in  15  frequency  bands  for 
the  range  specified  and  is  capable  of  measuring  signal  levels  from  0  dBpV 
to  120  dBpV  within  ±1.5  dBpV  at  frequencies  above  25  MHz  (-20  dByV  to  100 
dBpV  below  25  MHz). 

Signals  provided  by  the  EMC-25  to  indicate  received  signal  amplitudes 
and  frequency  are  dc  voltage  levels  of  0  to  +1.5  V  nominal.  The  dc  voltage 
signal  for  the  amplitude  is  derived  from  the  meter  terminal  voltage  and 
therefore  is  an  indication  of  the  meter  deflection,  while  the  frequency 
signal  is  a  measure  of  the  tuner  setting.  In  addition  to  the  above 
signals,  there  are  four  binary  data  lines  encoded  as  a  hexadecimal  digit 
that  indicates  the  frequency  band  number,  and  seven  binary  data  lines  from 
the  attenuator  switch.  Each  data  line  from  the  attenuator  switch  indicates 
chat  a  particular  attenuator  setting  has  been  selected.  These  seven  data 
lines  are  encoded  by  an  8  to  3  line  encoder  to  give  a  3-bit  octal  repre¬ 
sentation  of  the  attenuator  switch  position.  The  EMC-25  also  contains  a 
rechargeable  battery  pack  as  a  power  source  that  will  provide  enough  power 
for  the  unit  to  operate  approximately  12  hours  between  charges.  This  is  an 
important  consideration  when  operating  in  a  small  airplane. 

A  Serial  Lab  Products  SL-803-A  Intelligent  Remote  Serial  i/o  unit  is 
used  to  convert  the  analog  signals  from  the  EMC-25  into  ASCII  characters 
and  CO  make  available  upon  request  all  EMC-25  signals  on  a  RS-232  data  com¬ 
munications  link.  The  SL-803-A  was  chosen  for  its  wide  range  of  capabili¬ 
ties  and  for  its  ease  of  application.  Up  to  16  channels  of  analog  data  and 
eight  digital  input  lines  may  be  used.  This  exceeds  the  requirement  for 
two  channels  for  a/d  conversion  and  seven  digital  input  lines.  The 
SL-803-A  is  controlled  by  characters  sent  over  the  RS-232  line,  and  it  is 
transparent  to  any  transmission  until  it  detects  an  ASCII  character  that 
has  been  selected  by  the  user  as  its  control  character.  Then  it  reads  the 
subsequent  ASCII  codes  and  acts  according  to  the  designed  command  conven¬ 
tion.  Among  the  programmable  modes  of  the  unit  are  enabling  of  specified 
channels  and  the  selection  of  either  ±2  V  or  ±10  V  a/d  conversion. 

For  the  RF  field  measurement  to  be  useful  in  determining  the  propa¬ 
gation  pattern,  the  position  of  each  measurement  must  be  recorded.  A 
Motorola  Miniranger  with  telemetry  data  link  is  used  to  measure  the 
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distance  from  a  ground  point  to  the  airplane  while  the  altitude  and 
airplane  heading  are  oanually  read  from  the  navigation  equipment  in  the 
airplane.  In  performing  the  data  collection  maneuvers,  the  pilot  flies  in 
a  straight  line  at  a  constant  altitude  directly  over  the  teat  site.  When 
this  is  done,  the  position  in  apace  at  every  point  can  be  calculated  from 
the  recorded  altitude,  magnetic  bearing,  and  Miniranger  distance. 

The  Miniranger  provides  a  measurement  of  distance  between  the  two 
Miniranger  transponders  accurate  to  ±2  meters  and  outputs  the  computation 
of  the  range  in  ASCII  characters  from  the  base  unit.  The  Mlnlranger  system 
data  link,  is  a  transparent  two-way  communication  link  which  is  used  in  this 
system  to  transmit  ASCII  characters  between  the  SL-803-A  in  the  airplane 
and  the  H89  computer  on  the  ground.  For  this  system  the  Miniranger 
transponder  will  be  in  the  airplane  and  the  base  station  on  the  ground  with 
H89  computer  and  ADPI  Byte  Bucket  tape  drive.  The  SL-803-A,  located  in  the 
airplane,  communicates  with  the  H89  computer  by  sending  and  receiving 
characters  over  the  Miniranger  telemetry  data  link. 

Airborne  data  collection  for  the  tests  at  Waterman,  Illinois,  was  con¬ 
ducted  using  the  system  described  here  except  that  the  position  was 
recorded  using  a  TI9900  Loran-C  receiver  and  the  H89  computer  and  Byte 
Bucket  tape  drive  were  located  the  airplane.  For  these  tests  the  aircraft 
position  was  determined  by  recording  the  position  Information  from  the 
Loran-C  receiver,  while  collecting  data  and  then  calculating  the  distance 
from  the  ISM  unit  using  the  position  of  the  ISM  unit  measured  by  the 
Loran-C  receiver. 

A  system  clock  is  also  kept  so  that  the  time  of  each  measurement  can 
be  recorded  with  the  other  data.  The  time  of  day  is  useful  in  data  reduc¬ 
tion  by  providing  evidence  of  data  collection  interruption.  The  clock  is  a 
software  counter  that  keeps  time  via  interrupts  provided  by  the  H89. 

Data  collected  by  the  equipment  is  stored  on  magnetic  tape  by  the 
Analog  and  Digital  Peripherals,  Inc.  (ADPI)  Byte  Bucket  digital  cassette 
tape  player/recorder .  The  Byte  Bucket  is  a  cassette  tape  drive  that  can  be 
controlled  by  the  system  computer  by  commands  sent  on  the  RS-232  data  link. 
The  Byte  Bucket  uses  digital  cassette  tapes  capable  of  storing  up  to 
230,000  bytes  of  data  per  side.  This  translates  into  roughly  13,000  sample 
points  per  tape. 

The  data  transfer  between  peripheral  devices  is  controlled  by  a 
routine  running  on  the  H89  computer.  While  performing  the  data  collection, 
the  routine  runs  in  a  continuous  loop  that  inputs  data  from  the  three 
sources  and  stores  it  on  tape.  The  routine  also  creates  a  display  on  the 
computer's  CRT  to  give  the  operator  an  indication  of  data  contents,  and 
checks  for  input  from  the  console  keyboard  to  accept  user  commands.  User 
commands  are  software  limited  to  a  predefined  set  of  input  that  controls 
when  data  collection  and  data  storage  are  enabled.  Figure  2  is  a  photo¬ 
graph  of  the  airborne  data  collection  system  used  in  the  Waterman, 

Illinois,  tests. 
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The  system  for  measurlag  the  distance  from  the  unit  under  test  to  the 
airplane  was  changed  after  the  Waterman  data  collection  because  the  present 
system  using  the  Mlnlranger  provides  improved  accuracy,  is  less  susceptible 
to  operator  error,  and  provides  a  direct  msasuremant  of  the  range*  This 
new  system  with  the  Mlnlranger  provides  a  method  for  measuring  signal 
levels  In  space  Chat  is  easy  to  operate  and  provides  accurate  range  and 
signal  strength  data. 


IV.  WATERMAN  DATA  COLLECTION  FLIGHTS 

Airborne  data  collection  was  conducted  at  Waterman,  Illinois  for  four 
pieces  of  ISM  equipment  (herein  referred  to  as  Machines  A,  B,  C,  &  0). 

These  data  collection  flights  were  performed  with  the  ISM  oriented  so  that 
the  maximum  lobe  of  radiation  (as  detected  with  ground  equipment)  coincided 
with  the  flight  path  of  the  airplane.  Also,  for  Machines  B,  C,  and  D  data 
collection  flights  were  conducted  with  the  ISM  equipment  oriented  for 
flight  paths  at  60  degrees  to  either  side  of  the  maximum  lobe.  These  pro¬ 
cedures  were  consistent  with  those  used  In  the  ground-based  measurements 
using  the  Clark  tower.  Three  of  the  Machines  (A,  C,  and  D)  were  tested 
both  with  RF  shielding  on  and  off  to  study  the  effects  of  shielding  while 
Machine  B  was  tested  only  with  shields  on. 


Calibration  data  for  equipment,  antennas,  and  cables  are  Indicated  In 
Table  1 .  For  all  airborne  data  this  calibration  of  antennas  on  the 
aircraft  Is  appropriate. 

A.  Analysis  of  Airborne  Data. 

Data  collected  at  Waterman,  Illinois,  were  reduced  using  the  Ohio 
University  IBM  370  computer  system  and  plots  of  each  data  run  were  created. 
These  plots  are  Figures  A-1  -  A-21  In  Appendix  A.  The  plots  show  the 
measured  E-fleld  In  absolute  dBpV/m  on  the  ordinate  versus  the  horizontal 
distance  from  the  test  site  on  the  abscissa  (refer  to  Figure  3  for 
example) .  The  horizontal  distance  Is  the  distance  from  a  point  on  the 
ground  directly  beneath  the  airplane  to  the  location  of  the  ISM  equipment, 
and  the  distance  Is  shown  as  positive  for  points  north  of  the  test  site  and 
negative  for  points  south.  The  horizontal  distance  was  used  to  create 
plots  rather  than  the  slant  range  distance  to  avoid  discontinuities  In  the 
graph  which  would  result  from  the  slant  range  distance  ambiguity  as  the 
airplane  passed  over  the  test  site.  (The  slant  range  is  never  less  than 
the  aircraft  altitude.) 

At  the  top  of  each  plot  is  a  description  of  the  test  conditions.  This 
description  Identifies  the  machine  and  Indicates  the  machine  setup  parame¬ 
ters.  Shown  on  the  data  plots  as  dashed  lines  are  the  FCC  and  CISPR  limits 
for  this  frequency  band,  calculated  by  extrapolating  the  E-fleld  limits 
from  their  specified  test  distance  to  the  distance  of  concern  using  the 
free  space  decay  factor  of  2.0  as  follows: 


E(R) 


,°limit,2.0 
limit ^  R  ' 


where 

E(R)-  E-fleld  limit  at  distance  R  (pV/m) 

Eiimit*  specified  FCC  or  CISPR  E-fleld  limit  (pV/m) 
Diimit*  distance  at  which  specified 


R>  distance  of  concern 


TABLE  1.  ISM  MEASUREMENT  TESTS  CALIBRATION  DATA 


EMI  CALIBRATION  DATA 
February  21,  1984 


Blconlcal  Antenna 

Antenna  factor  •  16.4  dB  @  27  MHz 

Antenna  factor  •  13.1  dB  @  109  MHz 

Source:  Three  antenna  method  calibration.  Sept.  9,  1983 

Bent  dipole  antenna  on  Saratoga  N8238C 
Antenna  factor  •  53.4  dB  @  27  MHz 

Antenna  factor  >  13.1  dB  @  109  MHz 

Source:  Calibration  versus  blconlcal  antenna  using 
substitution.  Nov.  7,  1983 

27MHz  antenna  on  Saratoga  M8238C 

Antenna  factor  9  dB  @  27  MHz 

Source:  Data  collected  on  January  3,  1984 

Cables 

EMI  Cable  A  (35  feet) 

-0.7  dB  0  27  MHz 

-1.2  dB  0  109  MHz 
EMI  Cable  B  (80  feet) 

-1.6  dB  0  27  MHz 
-3.2  dB  0  109  MHz 
EMI  Cable  C  (5  feet) 

-0.2  dB  0  27  MHz 

-0.4  dB  0  109  MHz 

Source:  All  cables  calibrated  Sept.  12,  1983 

Dual  directional  coupler  -  HP778D  serial  no.  1144s04704 
27  MHz  -  both  ports  -32.6  dB 
109  MHz  -  both  ports  -22.0  dB 


NOTE:  Antenna  factor  Is  the  value  added  to  the  measured 
field  In  dBpV  to  obtain  absolute  field  strength 
In  dBuV/m. 


-FIELD  (DBUV/M) 
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Figure  3.  Flight  Data  Machine  B,  2kW/  152  M  Altitude 
0*  Azimuth,  RFi  Shields  in  Piece 

-12- 


The  distance  R  takes  Into  account  the  altitude;  that  Is,  R  Is  equal  to 
the  slant  range  distance  from  the  ISM  equipment  to  the  airplane.  The 
plotted  FCC  and  CZSPR  limits  provide  reference  points  that  ease  comparison 
of  plots  as  well  as  show  relevance  between  actual  measured  data  and  maximum 
permissible  levels. 

The  ISM  machines  tested  at  Waterman,  Illinois,  all  exhibited  some 
degree  of  vertical  loblng  directly  above  the  unit.  The  plots  of  Machine  A 
(Figures  A-1  -  A*-5)  show  that  this  machine  emitted  a  relatively  low  level 
radiation  directly  overhead  with  a  uniform  higher  level  at  elevation  angles 
to  either  side  of  overhead.  The  plots  of  this  machine's  performance  show 
levels  as  much  as  35  dB  greater  than  the  FCC  limits  when  some  shielding  was 
removed,  compared  to  signal  strengths  of  6  dB  maximum  above  limits  when  all 
shielding  was  Installed  properly. 

Machine  B  plots  (Figures  A-6  -  A-11)  show  that  this  piece  of  equipment 
had  some  very  narrow  vertical  lobes  directly  above  the  unit  with  uniform 
signal  levels  to  either  side.  The  lobes  of  radiation  above  the  unit  were 
as  much  as  24  dB  above  FCC  limits;  whereas  radiation  to  the  sides  was 
always  within  10  dB  of  limits. 

Machines  C  and  D  were  the  same  machine  except  for  the  RF  power  genera¬ 
ted;  Machine  C  generated  3  kW  of  RF  power  and  D  produced  2  kW.  Neither  of 
these  had  any  significant  radiation  levels  overhead.  The  largest  signal 
levels  detected  were  about  7  dB  above  FCC  limits  with  shields  off  (Figure 
A-16)  and  5  dB  above  limits  with  all  shielding  In  place  (Figure  A-12).  The 
plots  of  Machine  C  demonstrate  the  effects  of  shielding  for  this  unit. 
Comparison  of  Machine  C  plots  where  only  the  shielding  Is  different  show 
that  the  shielding  suppresses  the  RF  signal  levels  by  about  3-7  dB  (Figures 
A-12  to  A-I7).  However,  Machine  A  showed  signal  levels  as  much  as  15-20  dB 
higher  with  shields  off  as  compared  to  those  measured  when  all  shields  were 
In  place.  This  Indicates  that  the  shields  for  Machine  A  (the  25  kW  unit) 
had  a  much  greater  effect  on  the  radiation  levels  than  did  the  shields  on 
Machine  C  (a  3  kW  unit).  This  may  be  due  to  the  design  of  the  shields 
since  there  is  a  lesser  need  for  shielding  on  the  smaller  units.  Shielding 
for  larger  units  would  naturally  be  more  carefully  designed. 

The  E-fleld  values  shown  In  Table  2  represent  the  measured  field 
strengths  extrapolated  to  one  mile  for  easy  comparison  with  FCC  limits. 

The  ground-based  data  are  those  measured  by  Elite  Electronics  Engineering 
Company  (under  subcontract)  using  FCC  procedures  for  ISM  equipment  cer¬ 
tification.  The  airborne  data  were  obtained  by  evaluating  the  plots  of 
Figures  A-l  -  A-22  to  find  the  average  difference  between  the  plotted  data 
and  the  FCC  limits.  This  average  difference  was  taken  from  a  section  of 
the  plot  that  was  not  directly  above  the  unit.  This  criterion  results  In 
the  evaluation  of  the  plots  at  points  where  the  field  Is  fairly  uniform  and 
so  represents  conditions  which  would  be  encountered  when  flying  near  one  of 
these  units  (If  flying  directly  overhead,  the  signal  level  could  change 
significantly,  either  lower  or  higher).  Generally,  the  points  used  to 
generate  this  table  were  at  a  horizontal  distance  of  between  -500  and  -1500 
meters  as  Indicated  on  the  figures.  To  maintain  consistency  with  the  con¬ 
ditions  of  ground-based  measurements,  only  those  data  collected  with  all 
shielding  In  place  were  considered. 
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TABLE  2.  GROUND  VS.  AIRBORNE  DATA  COMPARISON  AT  ONE  MILE 

dBuV/m 


NOTE:  PCC  LIMIT  -  20  dBuV/m 


Machine  A 


Azimuth 

Airborne  data 
(dBuV/m) 

Ground  Data 
(dBuV/m) 

®AG 

(dB) 

180 

+25.0 

-16.4 

41.4 

Machine 

_B 

Azimuth 

Airborne  data 

Ground  Data 

®AG 

(dByV/m) 

(dByV/m) 

(dB) 

0 

28.0 

+11.1 

16.9 

240 

27.0 

+  5.9 

21.1 

300 

26.0 

+  5.3 

20.7 

Machine 

_C 

Azimuth 

Airborne  data 

Ground  Data 

^AG 

(dByV/m) 

(dByV/m) 

(dB) 

20 

+  6.0 

-19.5 

25.5 

260 

+12.0 

-15.9 

27.9 

320 

+25.0 

-15.0 

40.0 

Machine 

_D 

Azimuth 

Airborne  data 

Ground  Data 

®AG 

(dByV/m) 

(dByV/m) 

(dB) 

20 

+15.0 

-20.8 

35.8 

60 

+13.0 

-23.3 

36.3 

200 

+25.0 

-17.9 

42.9 

260 

+21.0 

-17.2 

38.2 

320 

+22.0 

-14.5 

36.5 

Airborne  field  strength  (dBuV/a)  -  Ground  field  strength  (dBijV/m) 


In  all  cases  shown  in  Table  2,  the  airborne  data  are  much  higher  than 
the  ground  measurements.  This  difference  ranges  from  16.9  dB  for  Machine  B 
at  0  degree  to  42.9  dB  for  Machine  D  at  200  degrees.  Data  for  Machines  B 
and  D  show  that  the  difference  between  ground-based  and  airborne  measure¬ 
ments  was  relatively  constant  with  respect  to  azimuth  for  these  two  machi¬ 
nes.  For  Machine  B  the  airborne  measurements  ranged  from  16.9  to  21.1  dB 
above  ground-based  measurements,  and  airborne  measurements  for  Machine  D 
ranged  from  35.8  to  42.9  dB  above  ground-based  measurements  (Machine  B  was 
tested  at  three  different  azimuths  and  Machine  D  was  tested  at  five).  This 
seems  to  indicate  that  the  lobing  patterns  measured  on  the  ground  also 
exist  in  the  air  but  with  different  magnitudes. 

The  plots  of  data  collected  at  Waterman,  Illinois,  exhibit  a  great 
deal  of  consistency  concerning  the  detection  of  vertical  lobing.  Every 
plot  shows  some  amount  of  lobing  at  points  directly  above  the  unit  and  a 
more  uniform  field  at  lower  elevation  angles.  The  plots  indicate  that 
these  machines  emit  a  somewhat  uniform  field  with  respect  to  both  elevation 
angle  and  azimuth  (the  elevation  angles  in  the  plots  are  always  greater 
than  2.9  degrees).  The  only  lobing  with  respect  to  elevation  angle  is  seen 
directly  above  the  unit.  This  is  similar  to  the  lobing  seen  from  a  dipole 
antenna  caused  by  Interaction  with  the  ground  plane  (see  Figure  4).  This 
figure  indicates  the  relative  field  strength  seen  by  an  aircraft  making  a 
level  pass  at  500  feet  over  the  RF  source  placed  7  feet  above  the  ground 
[1].  Due  to  the  complex  nature  of  the  radiation  from  ISM  equipment,  it  is 
expected  that  a  more  complex  interference  pattern  would  be  observed  for  RF 

fields  directly  over  the  ISM  equipment.  Machines  B,  C,  and  D  were  tested 

at  different  azimuths  and  each  displayed  a  general  uniformity  of  signal 
levels.  Machine  D  was  tested  at  five  different  azimuths  and,  in  each  case, 
the  received  signal  was  within  5  dB  of  the  FCC  limits;  however,  Machine  C 
did  display  a  significant  null  at  20  degrees. 

Based  on  the  data  collected  for  the  four  ISM  units  at  Waterman, 
Illinois,  it  is  seen  that  the  determination  of  the  signal  levels  in  space 
produced  by  a  piece  of  ISM  equipment  can  be  measured  accurately  by  flying 
over  the  site.  The  resolution  of  the  data  collection  system  is  sufficient 
to  detect  most  lobing  that  is  present.  Additionally,  data  from  the 
Waterman  flight  tests  seem  to  indicate  that  there  are  no  extremely  sharp 
lobes  of  high  level  radiation.  Since  the  signal  levels  measured  in  the 

airborne  tests  were  consistently  much  larger  than  those  measured  on  the 

ground,  it  seems  likely  that  airborne  measurements  of  the  ISM  Interference 
signals  provide  a  more  accurate  measure  of  the  field  strengths  at  high 
angles  than  do  the  ground-based  measurements. 


eld  Interference  Pattern  Seen  by 
Level  Pass  at  500  ft.  with  RF 
kbove  Ground 


V. 


FCC  AND  CISPR  RADUTED  EMISSIONS  MEASUREMENTS 


A.  Test  Procedures  and  Sample  Calculations. 

1.  Open  Field  Measurements.  Measurements  were  performed  at  20 
degree  increments  by  turning  the  units  on  an  air  table*  Measurements  were 
taken  at  the  fundamental  frequency  and  at  all  harmonics  through  the  10th 
harmonic.  These  data  were  extrapolated  to  equivalent  readings  at  1  mile  by 
using  a  field  decay  exponent  of  1.95.  This  decay  factor  was  determined  by 
actual  measurement  at  ground  level. 

All  measurements  were  performed  with  the  dielectric  sealer  In  a  con¬ 
tinuous  mode  of  operation  (1-mlnute  operation)  with  a  silicon  load  between 
the  plates.  This  was  done  for  ease  of  measurement. 

These  units  were  tested  at  Elite  Electronic  Engineering  Company's 
Waterman,  Illinois,  test  site  (EQU/6810  4-3-0  Elite  Engineering  Waterman). 

2.  Distance  Correction  Calculations.  The  field  Intensity  limit 
Imposed  by  the  FCC  Rules  and  Regulations  is  10  microvolts  per  meter  at  1 
mile .  Since  the  data  cannot  always  be  taken  at  1  mile  and  since  the  field 
intensity  from  the  item  Is  often  too  weak  to  be  measured  at  greater  distan¬ 
ces,  especially  In  the  presence  of  other  noise,  these  data  were  taken  at 
some  closer  distance  and  the  field  Intensity  was  extrapolated  to  1  mile 
using  equation  1.  See  FCC  "Rules  and  Regulations,"  Volume  II,  Fart  Id, 
Subpart  D,  para.  18.107  (c). 

The  propagation  decay  constant  Is  determined  by  plotting  measured 
field  strength  In  dBpV  vs.  distance  In  feet  and  then  drawing  an  average 
curve  through  these  points*  The  slope  of  this  curve  Is  the  measured  decay 
constant  n.  For  an  example,  see  Appendix  B. 

With  a  measured  decay  constant  n,  the  correction  to  a  distance  of  1 
mile  from  any  distance  D  takes  the  form: 

L2  •  Li  (5280/D)"“ 

L2  ■  Field  intensity  at  5280  ft.  (1) 

L]^  ■  Measured  field  intensity  at  distance  D 

n  >■  Measured  decay  constant 

All  data  recorded  on  the  data  sheets  were  corrected  to  equivalent 
readings  at  1  mile.  The  distance  correction  factor  to  convert  from  200 
feet  to  1  mile  reduced  to  -55.4  dB. 

The  test  specification  also  requires  a  plot  of  the  equivalent  field 
Intensity  pattern  at  1000  feet  to  be  plotted.  The  data  taken  at  the  fun¬ 
damental  frequency  at  each  azimuth  were  corrected  to  equivalent  readings  at 
1000  feet  to  provide  the  necessary  levels  to  compose  the  pattern.  See 
Figure  6  for  an  example. 

To  facilitate  the  computations  which  Involve  antenna  factors,  calibra¬ 
tion  factors,  and  distance  factors,  the  field  Intensity  Is  first  computed 
In  dBpV/m  and  then  converted  to  yV/m  for  comparison  to  the  limits. 


To  obcaln  Che  field  inCenaicy  at  a  standard  distance,  Che  following 
factors  (In  dB)  are  added: 

Meter  Reading:  Obtained  from  Che  field  Intensity  meter 

-fAntenna  Factor:  Supplied  by  manufacturer  of  antenna  to  convert 

voltage  measured  at  antenna  terminals  to  equivalent 
volts/meter  field  Intensity 

+01stance  Correction  Factor:  Explained  above 

■Total  in  dBpV/m 

This  total  Is  converted  to  pV/m  using  the  well-known  anti-log  conver¬ 
sion. 

r E(dBpV/m)  "I 

L — — J 

E(pV/m)  ■  10 

B.  CISPR  vs.  FCC  Measurement  Procedures. 

The  significant  difference  In  the  FCC  and  CISPR  measurement  procedures 
Is  Che  distances  that  Che  measurements  are  specified  [2,3,4].  Since  Che  RF 
radiation  from  the  ISM  devices  measured  at  Waterman,  Illinois,  was  CW, 
there  Is  no  difference  In  the  effective  field  strengths  for  CISPR  or  FCC. 
The  significantly  lower  CISPR  limits  seem  to  be  an  attempt  to  account  for 
Che  fact  Chat  when  making  measurements  using  an  antenna  relatively  close  to 
Che  ground,  the  actual  RF  field  will  be  higher  than  Indicated  for  elevation 
angles  above  Che  horizon.  Since  CISPR  specifies  measurements  at  30  and  100 
meters  and  uses  lower  radiated  limits,  the  effect  at  higher  elevation 
angles  Is  that  the  allowable  RF  field  strength  will  better  represent  the 
llne-of-slghc  RF  fields  Chat  will  exist.  The  measurements  made  according 
to  FCC  specifications  on  the  ground  and  extrapolated  to  1  mile  may  be 
significantly  lower  chan  Che  fields  that  exist  along  a  direct  line  from  the 
unit  under  test  to  an  aircraft  500  feet  or  more  above  the  local  terrain. 

It  may  appear  that  the  CISPR  specifications  seem  to  be  overly  conservative, 
but  they  may  better  protect  the  aeronautical  user  since  this  radiation 
measurement  procedure  can  better  represent  Che  actual  launched  RF  energy 
when  Che  effect  of  placing  Che  sensing  antenna  relatively  close  to  the 
ground  Is  considered. 

This  Issue  of  the  adoption  of  CISPR  vs.  FCC  radiation  limits  Is  very 
controversial  and  needs  significant  attention.  The  Initial  data  measure¬ 
ments  presented  by  this  report  point  to  the  need  for  additional  RF 
radiation  measurement  procedures  for  ISM  equipment  based  on  FCC  limits  on 
Interference  Co  ILS  localizer  facilities. 

1.  FCC  and  CISPR  ISM  Equipment  Description.  During  the  open 
field  testing  at  Waterman,  Illinois,  four  pieces  of  ISM  equipment  were 
tested  with  Che  following  power  output  ratings: 


MODEL  A  25  kW  OUTPUT 

MODEL  B  2  kW  OUTPUT 

MODEL  C  3  kH  OUTPUT 

MODEL  D  2  kW  OUTPUT 

All  of  the  ground  measureoent  data  sheets  which  include  RF  field 
measurements  through  the  10th  harmonic  are  included  in  Appendix  B.  The 
data  included  here  are  the  radiation  pattern  measurements  at  1000  feet, 
indicating  the  shape  of  the  radiation  pattern  for  both  the  fundamental 
operating  frequency  and  the  4th  harmonic*  The  data  to  generate  these  plots 
are  derived  directly  from  the  ground  measurement  data  sheets  contained  in 
Appendix  B. 

The  ground  measurement  equipment  placement  for  the  FCC  and  CISPR 
measurements  is  shown  graphically  in  Figure  5*  The  biconical  antenna  used 
for  the  ground  measurements  was  placed,  for  most  tests,  200  feet  from  the 
ISM  device  to  be  measured.  The  ISM  device  was  set  up  on  the  turntable  in 
the  building  with  the  position  of  the  operator  considered  as  0  degree  azi¬ 
muth.  After  each  measurement  was  made,  the  ISM  device  was  rotated  to  the 
next  azimuth  angle  on  the  turntable  to  be  measured.  In  this  manner  the 
complete  FCC  and  CISPR  emissions  tests  were  made  for  the  device.  These 
results  then  provided  the  horizontal  lobe  of  maximum  radiation  to  be  con¬ 
sidered  in  the  Clark  tower  and  airborne  testing. 

The  spectrum  analyzer,  its  computer  and  printer,  were  operated  from 
the  instrumentation  van  by  Elite  Electronic  Engineering  Company  personnel. 
This  is  definitely  the  most  efficient  method  to  make  these  measurements. 

The  turntable  speeds  up  the  positioning  of  the  equipment  and  the  computer- 
controlled  spectrum  analyzer  speeds  up  the  data-taklng  and  recording.  Once 
the  equipment  is  set  up  the  actual  ground  testing  can  be  performed  in  less 
than  an  hour  on  a  specific  ISM  device. 

2.  FCC  and  CISPR  Emissions  Measurements  Results.  Figures  6 
through  13  are  the  polar  plots  of  the  racilation  patterns of  each  of  the 
four  ISM  devices  at  the  fundamental  and  4th  harmonic  of  the  fundamental 
operating  frequency.  These  data  indicate  that  all  of  the  ISM  devices  are 
within  the  FCC  specification  for  allowable  emissions  on  the  4th  harmonic  of 
the  operating  frequency.  The  emissions  limit,  except  for  fundamental, 
extrapolated  from  1  mile  to  the  1000-foot  position  is  257  pV/m.  This 
extrapolation  was  performed  using  the  decay  exponent  determined  by  actual 
ground  measurement.  A  plot  of  the  decay  exponent  measurement  is  included 
in  the  data  for  each  device  contained  in  Appendix  B.  The  CISPR  limit 
extrapolated  to  1000  feet  in  a  similar  way  produces  a  limit  of  5.4  pV/m. 
With  this  limit  in  mind  only  Models  C  and  D,  Figures  11  and  13,  pass  the 
radiated  emissions  tests  for  CISPR.  Models  A  and  B,  Figures  7  and  9, 
exceed  CISPR  limits  for  radiated  emissions  at  the  4th  harmonic.  This  can 
be  seen  by  referring  to  the  plots  for  the  emissions  patterns  at  the  4th 
harmonic.  Also  of  particular  note  is  that  there  is  a  considerable  amount 
of  correlation  between  the  pattern  at  27  MHz  and  at  108  MHz  for  ISM  Model 
A,  Figures  6  and  7.  Prominent  RF  radiation  peaks  correlate  well  between 
the  patterns  at  the  two  frequencies.  This  does  not  occur  when  comparing 
the  patterns  with  any  of  the  other  ISM  devices.  Figures  8  thru  13.  It  is 
not  clear  why  only  one  of  the  ISM  devices  produces  a  pattern  correlation. 

As  was  expected,  the  radiation  patterns  are  quite  complex. 
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All  of  Che  results  reported  in  this  section  are  for  the  equipment 
operating  as  per  manufacturer's  specifications  with  all  radio  frequency 
interference  (RFI)  shielding  in  place. 

During  the  course  of  comparing  the  ground  measurements  and  the  air¬ 
borne  measurements  two  effects  were  observed.  First,  in  all  of  the  air¬ 
borne  measurements,  as  the  aircraft  passed  directly  over  the  equipment 
under  test,  a  pattern  of  nulls  and  peaks  was  observed.  This  was  due  mainly 
to  Che  interferometer  pattern  that  was  a  result  of  the  interaction  of  the 
RF  source  of  the  ISM  equipment  interacting  with  the  apparent  image  source 
produced  by  the  effects  of  the  ground  plane.  As  the  apparent  height  of  the 
radiating  source  was  located  at  specific  fractions  or  multiples  of  the 
wavelength,  an  Interference  pattern  of  nulls  and  peaks  was  formed.  This 
was  caused  by  the  differences  in  the  effective  paths  that  the  RF  energy 
took  to  appear  at  the  aircraft  antenna  position.  If  the  path  lengths 
differ  by  exactly  1/2  wavelength,  the  two  waves  will  cancel;  and  conver¬ 
sely,  if  the  path  lengths  are  1  wavelength  different,  then  the  two  waves 
will  add.  Therefore,  it  is  easy  to  understand  that  for  certain  geometries 
the  RF  energy  will  appear  to  produce  peaks  and  nulls.  Examining  the 
geometry  of  the  area  directly  above  the  ISM  equipment,  it  can  be  seen  that 
the  radiation  source  and  its  image  are  more  likely  to  form  these  inter¬ 
ference  patterns  since  the  wave  path  length  differences  are  greater  at  this 
point  than  when  the  aircraft  is  at  lower  elevation  angles.  In  light  of 
this,  it  is  clear  that  in  the  areas  near  vertical  above  the  ISM  device,  the 
fields  can  have  significant  peak-to-peak  excursions,  but  these  are  true 
fields  and  need  to  be  considered  when  flights  over  ISM  equipment  are 
possible. 

The  second  effect  involved  a  much  more  subtle  consideration  but  was 
certainly  more  significant.  Differences  in  the  ground  measured  data  as 
compared  to  the  airborne  measured  data  for  angles  greater  than  about  5-10 
degrees  up  to  almost  90  degrees  were  found.  As  was  determined  by  previous 
measurements,  the  airborne  data  were  some  20  to  40  dB  above  ground  measured 
data.  This  may  be  due  to  the  fact  that  the  radiation  measured  by  the 
ground  tests  may  be  in  error  of  the  actual  RF  fields  because  at  the  100  MHz 
frequency  range  the  earth  conductivity  may  appear  as  a  lossy  dielectric, 
and  the  RF  fields  are  attenuated  when  the  receiving  antenna  is  relatively 
close  to  the  ground.  Additionally,  considering  the  antenna  patterns  of 
horizontally  polarized  antennas,  it  can  also  be  seen  that  at  low  elevation 
angles  there  is  very  little  RF  radiation.  This  is  due  to  the  requirements 
to  satisfy  the  E-field  boundary  conditions  for  horizontally  polarized 
waves.  This  effect  is  not  the  case  for  vertically  polarized  waves,  but  the 
effects  of  the  ground  as  a  lossy  dielectric  will  generally  be  of  greater 
importance  here.  Therefore,  it  is  necessary  that  these  effects  be  con¬ 
sidered  when  applying  procedures  used  by  the  FCC  and  CISPR  to  make  the 
ground  measurements . 


VI.  CLARK  TOWER  OPEN-FIELD  TEST  PROCEDURES 


In  order  to  determine  (from  the  ground)  the  presence  of  higher-angle 
radiation  from  the  ISM  unit  under  test  (OUT),  a  device  capable  of  hoisting 
an  antenna  from  heights  of  about  20  feet  to  70  feet  was  used.  The  tower 
with  the  antenna  on  top  was  raised  to  various  heights  so  that  the  RF  field 
could  be  sampled.  The  tower  was  placed  close  to  the  building  containing 
the  UUT  so  that  elevation  angles  up  to  approximately  75  degrees  could  be 
measured . 

A.  Test  Equipment. 

The  test  equipment  used  during  this  series  of  tests  consists  of  the 
following: 

1.  HP  8568  spectrum  analyzer  SN  1818A00258  Cal  4-9-83 

2.  HP  9825  computer  SN  1541A00350 

3.  HP  2631B  line  printer  SN  2002A00184 

4.  EMCO  biconical  antenna  SN  2171 

5.  Clark  tower  pneumatic  antenna  positioning  equipment 

B.  Procedures. 

The  Clark  tower  with  the  Electro-Mechanics  Company  (EMCO)  biconical 
antenna  mounted  on  top  was  positioned  15.75  feet  from  the  center  of  the 
turntable  used  to  turn  the  equipment  under  test.  The  tower  was  positioned 
at  90  degrees  from  the  direction  that  the  ground  RF  measurements  were  made. 
When  tower  measurements  of  the  equipment  were  made,  the  azimuth  indicated 
in  the  Clark  tower  measurements  data  was  the  same  as  the  ground  measure¬ 
ments  data  since  the  turntable  was  positioned  without  the  90-degree  offset 
in  azimuth. 

The  Clark  tower  base  was  not  at  the  same  level  as  the  equipment  under 
test  and  therefore  the  Clark  tower  height  is  not  the  same  as  the  vertical 
separation  of  the  equipment  under  test  and  the  antenna  on  the  Clark  tower. 
The  difference  between  the  base  of  the  Clark  tower  and  the  base  of  the 
equipment  under  test  was  4  feet.  All  of  the  data  plots  for  the  Clark  tower 
take  this  distance  difference  into  account. 

Operation  of  the  equipment  under  test  was  essentially  the  same  as  that 
in  the  airborne  and  ground  testing.  The  ISM  equipment  was  turned  on  and 
the  RF  field  measurements  were  made  with  the  tower  at  a  specific  height. 

The  measurements  with  the  Clark  tower  were  made  at  heights  above  the  base 
of  the  tower  of  20  feet,  30  feet,  40  feet,  50  feet,  and  60  feet,  with  the 
azimuth  corresponding  to  the  measured  maximum  RF  field  from  the  ground 
measurements.  Also,  measurements  were  made  60  degrees  to  either  side  of 
the  maximum  RF  field.  Taking  into  account  the  difference  in  the  heights  of 
the  bases  of  the  equipment  under  test  and  the  Clark  tower,  the  measured 
elevation  angles  correspond  to  46  degrees,  59  degrees,  66  degrees,  71 
degrees,  and  74  degrees.  Refer  to  Figure  5  which  indicates  the  position  of 
Clark  tower  relative  to  equipment  under  test. 


The  RF  measurement  device  was  the  HP  8568  spectrum  analyzer  along  with 
the  Elite  cable  plus  the  OU  80-foot  cable.  The  data  printouts  from  the 
Elite  spectrum  analyzer  did  not  account  for  the  EMCO  biconlcal  antenna  nor 
the  80-foot  OU  cable.  These  values  were  added  to  the  measured  values  shown 
on  the  Elite  data  measurement  sheets.  The  values  for  the  EMCO  biconlcal 
and  cables  are  indicated  In  Table  1  for  27  MHz  and  108  MHz. 

The  graphic  data  for  the  Clark  tower  measurements  were  produced  by 
extrapolating  the  data  measured  to  a  common  distance  of  1000  ft.  to  allow 
easy  Interpretation.  This  was  done  by  the  following  method.  Using  the 
ground  derived  decay  exponent,  the  distance  correction  was  determined  from 
the  following  equation: 

F2  -  PI  +  20  log  [1^]"“ 

where; 

FI  «  field  Intensity  at  slant  range  d  In  dByV/m 

F2  -  field  Intensity  at  range  1000  ft.  In  dBjiV/m 
n  *  measured  decay  exponent 

The  distance  d  la  the  distance  from  the  equipment  under  test  to  the 
biconlcal  antenna  on  the  Clark  tower* 

For  example,  the  slant  range  from  the  equipment  under  test  to  the 
biconlcal  on  the  Clark  tower  for  a  tower  height  of  40  ft.  Is: 


d  -  /sep^  +  <40-delth)^ 
d  -  39.3  ft. 

where: 

sep  *  15.75  ft.  center  of  turntable  to  center  of  Clark  tower 

delth  -  4.0  ft.  differential  In  UUT  and  Clark  tower  bases 

The  ground  measured  decay  factor  was  1.95.  Solving  for  the  RF  field 
at  1000  ft.  produces  the  following  result  for  a  measured  RF  field  of  70 
dBpV/m  at  the  biconlcal  antenna: 

F2  -  70  dBpV/m  +  20  log 

F2  -  15.2  dBpV/m  or  5.74  pV/m  at  1000  ft. 

The  following  devices  were  tested  using  the  Clark  tower  at  the  open 
field  test  site  at  Waterman,  Illinois. 


Model  A  >  25  kW  ISM  Device 

Model  B  >  2  kW  ISM  Device 

Model  C  «  3  kW  ISM  Device 

Model  D  -  2  kU  ISM  Device 

Models  C  and  D  are  the  same  ISM  hardware  with  a  different  operating  RF 
power  output  level.  Figures  14  -  21  are  the  graphic  representation  of  the 
Clark  tower  data  normalized  at  1000  ft.  range.  All  ISM  equipment,  except 
Model  B,  have  RF  field  data  for  the  equipment  operating  with  RF  shielding 
intact  as  per  manufacturer's  specifications  in  addition  to  data  with  speci¬ 
fic  RFI  shielding  removed.  In  all  cases,  the  shielding  is  more  effective 
at  27  MHz  than  at  the  fourth  harmonic  of  the  ISM  operating  frequency.  In 
Figures  14  and  15  three  sets  of  points  are  plotted  corresponding  to  all  RFI 
shields  on,  die  table  shields  removed,  and  die  table  and  oscillator  shields 
removed.  For  these  configurations  some  additional  explanation  is 
necessary.  The  device  configured  with  shields  removed  refers  to  all  RFI 
shielding  surrounding  the  die  table  that  have  been  removed  along  with  the 
cosmetic  metal  panels  surrounding  the  RF  generation  unit.  The  con¬ 
figuration  described  as  '’oscillator  shields  removed”  indicates  that  all  RFI 
shields  surrounding  the  die  table  have  been  removed  along  with  the  metal 
closure  walls  of  the  master  oscillator/ power  amplifier  unit  inside  the  RF 
power  generating  unit.  In  this  configuration  the  cosmetic  enclosure  panels 
of  the  RF  power  generating  unit  are  in  place.  This  was  done  to  simulate  a 
configuration  that  might  result  from  maintenance  personnel  not  replacing 
all  of  the  ISM  device  RFI  shielding  after  performing  maintenance  on  the 
unit . 


As  indicated  in  Figure  14,  the  ISM  equipment  is  radiating  less  energy 
at  27  MHz  with  the  oscillator  shields  removed  than  when  all  manufacturer's 
shields  are  in  place.  This  indicates,  to  some  extent,  the  differences  in 
the  ability  of  the  ISM  equipment  to  launch  RF  energy  based  on  the  device 
shielding  configuration.  Figure  15  indicates  that  at  108  MHz,  having  all 
shields  in  place  except  die  table  shields  produces  no  real  difference  in 
launched  RF  energy,  but  the  configuration  with  the  oscillator  shields 
removed  has  a  substantial  effect  on  the  launched  RF  energy  at  108  MHz. 

This  is  exactly  the  opposite  with  the  same  unit  at  27  MHz,  where  the 
launched  RF  energy  is  lower  with  the  oscillator  shields  removed  than  with 
all  of  the  RFI  shields  in  place. 

The  limited  data  of  Figures  14  and  15  tend  to  indicate  the  presence  of 
lobing  in  the  vertical  direction.  This  can  be  seen  in  the  dip  in  the  data 
of  Figure  14  at  about  60  degrees  to  the  horizon.  Also  notice  the  rise  in 
signal  level  above  60  degrees.  This  indicates  that  the  unit  under  test  may 
be  radiating  a  lobe  straight  up  above  the  unit.  This  same  effect  has  been 
indicated  in  some  of  the  airborne  data  plots.  This  tendency  of  the  signal 
levels  to  increase  for  increasing  elevation  angles  is  present  in  all  of  the 
Clark  tower  measurements  at  both  the  fundamental  and  the  4th  harmonic  of 
the  operating  frequency.  This  vertical  lobing  effect  is  also  indicated  in 
the  airborne  measurements  and  is  therefore  not  necessarily  a  function  of 
the  measurement  procedures  used  for  the  Clark  tower  measurements. 

Observed  differences  need  to  be  pointed  out  regarding  the  measurement 
of  two  of  the  models  with  the  Clark  tower  and  airborne  methods.  First,  the 
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Figure  14.  Fundamental  Clark  Tower  Data  for  Model  A,  25  kW,  l80®Azimoth 
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azimuth  chosen  for  the  Clark  tower  measurements  for  Model  A  was  180 
degrees.  This  does  not  coincide  with  the  ground-based  lobe  of  maximum  RF 
radiation.  The  maximum  lobe  from  the  ground-based  test  reported  by  Elite 
was  200  degrees.  As  Indicated  on  the  graphic  data  for  the  ISM  device  Model 
A,  the  Clark  tower  and  airborne  measurements  were  made  at  180  degrees. 

The  second  situation  requiring  clarification  was  that  the  measurements 
made  on  October  13,  1983,  (for  ISM  device  Model  B  for  the  Clark  tower  and 
the  airborne  measurements)  do  not  reflect  the  same  device  tested  at 
Waterman,  Illinois.  This  Is  due  to  the  fact  that  the  2  kW  device.  Model  B, 
did  not  pass  the  FCC  emissions  limits  for  allowable  field  Intensity  at  1 
mile.  This  unit  was  retested  by  Elite  on  November  11,  1983,  with  those 
results  reported  to  Ohio  University.  The  results  are  Included  In  this 
report.  The  measured  maximum  lobe  of  radiation  in  the  horizontal  direction 
reported  to  Ohio  University  personnel  on  October  13,  1983,  was  300  degrees, 
which  Is  the  azimuth  used  for  Che  Clark  tower  and  airborne  measurements 
made  by  Ohio  University  on  Chat  date.  For  completeness  of  Information  the 
ISM  device.  Model  B,  did  pass  FCC  testing  performed  by  Elite  on  November 
II,  1983.  Tables  3  through  6  are  the  complete  RF  field  Intensities  for  the 
Clark  tower  measurements. 

In  spite  of  the  foregoing  exceptions,  the  quality  and  consistency  of 
the  testing  Indicate  that  these  data  do  represent  possible  ranges  of 
emission  values  obtainable  from  actual  ISM  equipment  operation  which  was 
Che  goal  of  the  study. 


TABLE  3.  TABLE  OF  DATA  FOR  MACHINE  A  CLARK  TOWER  MEASUREMENTS 


CLARK  TOWER  MEASUREMENTS 
MACHINE  MODEL:  A 
OCT-12-1983 

DECAY  EXPONENT  -  1.95 


RF 

ELEV 

dBpV 

dBwV(lOOO) 

dBuV 

dBiiV(lOOO) 

SHIELDS 

ANG 

AZIMUTH 

27MHz 

27MHz 

109MHz 

109MHz(1000) 

ON 

45. 

180. 

136.0 

71.7 

72.2 

7.9 

ON 

59. 

180. 

126.0 

66.8 

73.3 

14.1 

ON 

66. 

180. 

135.1 

80.3 

74.4 

19.6 

ON 

71. 

180. 

134.4 

83.2 

22.1 

ON 

74. 

180. 

136.3 

88.1 

74.1 

25.9 

OFF 

66. 

180. 

144.6 

89.8 

75.3 

20.5 

OFF 

74. 

180. 

146.4 

98.2 

71.8 

23.6 

OSC  OFF 

71. 

180. 

129.9 

78.7 

91.7 

40.5 

OSC  OFF 

45. 

180. 

134.4 

70.1 

99.5 

35.2 

OSC  OFF 

59. 

180. 

114.4 

55.2 

94.2 

35.0 

TABLE  4.  TABLE  OF  DATA  FOR  MACHINE  B  CLARK  TOWER  MEASUREMENTS 


CLARK  TOWER  MEASUREMENTS 
MACHINE  MODEL:  B 
OCT-13-1983 


DECAY  EXPONENT  -  1.57 


RF 

ELEV 

dBjiV 

dBwV(lOOO) 

dByV 

dByV(lOOO) 

SHIELDS 

ANG 

AZIMUTH 

27MHz 

27MHz 

109MHz 

109MHz (1000) 

ON 

45. 

0. 

118.4 

66.6 

93.9 

42.1 

ON 

59. 

0. 

105.0 

57.4 

101.0 

53.4 

ON 

66. 

0. 

109.2 

65.1 

102.7 

58.6 

ON 

71. 

0. 

107.8 

66.6 

103.6 

62.4 

ON 

74. 

0. 

110.6 

71.8 

104.5 

65.7 

ON 

74. 

300. 

109.2 

70.4 

103.6 

64.8 

ON 

74. 

240. 

107.6 

68.8 

104.1 

65.3 

ON 

71. 

240. 

102.3 

61.1 

103.5 

62.3 

ON 

71. 

300. 

111.7 

70.5 

103.0 

61.8 

ON 

66. 

300. 

105.7 

61.6 

98.9 

54.8 

ON 

66. 

240. 

112.4 

68.3 

100.6 

56.5 

ON 

59. 

240. 

105.6 

58.0 

99.8 

52.2 

ON 

59. 

300. 

104.3 

56.7 

100.6 

53.0 

ON 

45. 

300. 

113.2 

61.4 

96.5 

44.7 

ON 

45. 

240. 

101.1 

49.3 

92.7 

40.9 
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TABLE  5.  TABLE  OF  DATA  FOR  MACHIIJE  C  CLARK  TOWER  MEASUREMENTS 


CLARK  TOWER  MEASUREMENTS 
MACHINE  :iODEL;  C 
OCT-13-1983 


DECAY  EXPONENT  •  1.95 


RF 

ELEV 

dBuV 

dBuV(lOOO) 

dBuV 

dBiiV(lOOO) 

SHIELDS 

ANG 

AZIMUTH 

27MHz 

27MHz 

109MHz 

109MHz (1000) 

OFF 

45. 

320. 

122.8 

58.5 

68.1 

3.8 

OFF 

66. 

320. 

119.7 

64.9 

66.3 

11.5 

OFF 

74. 

320. 

116.9 

68.7 

63.9 

15.7 

ON 

74. 

260. 

100.5 

52.3 

57.4 

9.2 

ON 

74. 

320. 

96.7 

48.5 

63.1 

14.9 

ON 

74. 

20. 

96.4 

48.2 

66.5 

18.3 

ON 

59. 

20. 

100.8 

41.6 

67.9 

8.7 

ON 

59. 

320. 

88.3 

29.1 

63.5 

4.3 

ON 

59. 

260. 

87.3 

28.1 

58.0 

-1.2 

ON 

45. 

260. 

100.9 

36.6 

64.9 

0.6 

ON 

45. 

320. 

101.9 

37.6 

64.3 

-0.0 

ON 

45. 

20. 

109.4 

45.1 

65.5 

1.2 

TABLE  6.  TABLE  OF  DATA  FOR  MACHINE  D  CLARK  TOWER  MEASUREMENTS 


CLARK  TOWER  MEASUREMENTS 
MACHINE  MODEL;  D 
OCT-13-1983 

DECAY  EXPONENT  -  1.95 


RF 

ELEV 

dByV 

dByV(lOOO) 

dByV 

dBiiV(lOOO) 

SHIELDS 

ANG 

AZIMUTH 

27MHz 

27MHz 

109MHz 

109MHz(1000) 

OFF 

74. 

320. 

115.3 

67.1 

60.5 

12.3 

OFF 

66. 

320. 

114.7 

59.9 

63.6 

8.8 

OFF 

45. 

320. 

119.7 

55.4 

66.0 

1.7 

ON 

45. 

20. 

105.0 

40.7 

64.4 

0.1 

ON 

45. 

320. 

97.3 

33.0 

64.0 

-0.3 

ON 

45. 

260. 

92.9 

28.6 

61.5 

-2.8 

ON 

59. 

260. 

83.8 

24.6 

57.4 

-1.8 

ON 

59. 

320. 

89.5 

30.3 

62.1 

2.9 

ON 

59. 

20. 

97.5 

38.3 

64.7 

5.5 

ON 

74. 

20. 

99.1 

50.9 

64.5 

16.3 

ON 

74. 

320. 

93.1 

44.9 

62.6 

14.4 

ON 

74. 

260. 

99.3 

51.1 

56.9 

8.7 

I 
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VII.  CO-CHANNEL  INTERFERENCE 


The  co-channel  Interference  effects  to  ILS  localizers  from  nonavlatlon 
RF  radiation  sources  have  been  addressed  In  recent  work  completed  by  the 
International  Civil  Aviation  Organization  (ICAO)  [5,6,7].  Additional  work 
completed  regarding  co-channel  interference  effects  on  VOR  signals  from 
CATV  Is  also  pertinent,  and  Indicates  very  similar  deslrsd-to-unde sired 
signal  criteria  to  provide  Interference  protection  to  localizers  [8]. 

ICAO  has  defined  four  types  of  co-channel  signals.  Three  of  these 
types  deal  with  unmodulated  signals,  and  the  remaining  type  Involves  modu¬ 
lated  signals.  In  all  cases,  the  specified  deslred/undeslred  (D/U)  signal 
levels  Indicate  Interference  that  will  cause  no  more  chan  5ya  of  localizer 
course  deviation.  The  four  types  of  Interfering  signals  referred  to  by 
ICAO  are  summarized  below. 

Unmodulated  Carrier  Interference: 

TYPE  I  An  unmodulated  carrier  within  the  localizer  receiver 
RF  passband  and  within  0.5  Hz  of  the  90  or  150  Hz 
sideband  modulation  of  the  ILS  localizer  must  be 
as  low  as  46  dB  below  the  desired  localizer  carrier. 

TYPE  II  An  unmodulated  carrier  within  Che  localizer  receiver 
RF  passband  and  within  10  Hz  of  the  90  or  ISO  Hz 
sidebands,  but  not  within  the  TYPE  I  tolerance,  must 
be  as  low  as  26  dB  below  the  desired  localizer  carrier. 

TYPE  III  An  unmodulated  carrier  except  TYPE  I  and  TYPE  II 
within  the  localizer  receiver  RF  passband  with 
sufficient  strength  will  cause  progressive  capturing 
of  the  receiver.  The  unwanted  RF  signal  field 
strength  must  be  as  low  as  7  dB  below  the  desired 
localizer  carrier  level. 

Modulated  Carrier  Interference: 

TYPE  IV  An  unwanted  carrier  except  TYPE  I  and  TYPE . II  with 
20Z  amplitude  modulation  by  either  90  or  150  Hz 
components  must  be  as  low  as  13  dB  below  the  desired 
localizer  carrier  level. 


In  general,  any  of  the  first  three  types  are  possible  as  Interference 
to  localizers  from  ISM  equipment.  The  equipment  tested  during  the  contract 
produced  only  CU  emissions. 

To  correlate  the  findings  of  this  report  to  co-channel  Interference,  a 
worst  case  example  will  be  considered.  The  example  Is  based  on  placing  the 
ISM  equipment  at  a  point  below  a  localizer  approach  course,  located  3800 
feet  from  the  threshold  of  the  runway  and  200  feet  below  the  glide  path.  A 
runway  length  of  7000  feet  Is  assumed,  with  the  ISM  device  producing  co- 


-44- 


channel  Interference  at  the  FCC  or  C1SP&  emissions  limits.  Table  7  indl*’ 
cates  whether  the  ICAO  0/U  signal  level  criteria  is  satisfied.  The 
conditions  for  the  comparison  are  included  in  the  table.  Measurements  were 
made  of  the  RF  field  strength  of  a  localizer  operating  at  the  Ohio 
University  Airport  with  a  value  of  91  dBuV/m  measured  at  the  point  in  the 
approach  indicated  above.  This  signal  level  is  significantly  higher  than 
the  level  considered  as  a  minimum  in  ICAO  Annex  10 »  Volume  I,  Part  I,  of  46 
dByV/m  [9]  at  the  threshold. 

The  results  indicated  in  Table  7  represent  the  .  ings  from  the  open 
field  measurements  performed  at  Waterman,  Illinois;  ti  .i  airborne  measured 
RF  fields  are  generally  20  to  40  dB  above  those  measured  on  the  ground. 
These  results  Indicate  that  CISPR  emissions  limits  do  provide  sufficient 
D/U  levels  except  for  the  signal  levels  measured  in  the  airborne  tests  con¬ 
sidering  TYPE  I  interference.  For  FCC  emissions  limits  the  results  are 
quite  different.  All  but  one  of  the  measured  conditions  fail  the  criteria 
for  D/U  signal  levels.  The  one  condition  that  did  exceed  the  D/U  level  was 
for  the  TYPE  III  interference. 


TABLE  7.  PASS  FAIL  FOR  ICAO  INTERFERENCE  DESIRED-TO-UNDESIRED 
SIGNAL  CRITERIA  EXAMPLE 


GROUND  AIRBORNE 

T1?STS  TESTS 


CISPR 

FCC 

CISPR 

FCC 

TYPE  I 

yes 

no 

no 

no 

TYPE  II 

yes 

no 

yes 

no 

TYPE  III 

yes 

yes 

yes 

no 

Evaluation 
Point  X 


Localizer  Antenna 
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X. 


APPENDIXES 


Appendix  A. 

This  appendix  contains  all  flight  measurement  plots  for  the 
open  field  testing  of  the  four  ISM  devices  tested  at  Waterman,  Illinois. 
These  are  the  plots  of  absolute  field  strength  In  dBpV/m  vs.  horizon¬ 
tal  position  of  the  aircraft  over  the  ground.  The  plots  have  superimposed 
on  them  the  RF  radiation  limits  for  FCC  and  CISPR  for  easy  interpretation 
of  the  data  relative  to  these  limits.  All  distances  are  expressed  In 
meters.  These  plots  are  referred  to  In  the  text  of  the  report. 
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Figure  A-1 .  Flight  Data  Machine  A,  25 (cW,  152M  Altitude, 
180*  Azimuth,  RFI  Shields  Removed 
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Figure  A-3.  Flight  Data  Machine  A,  25 kW,  152  M  Altitude, 
180®  Azimuth,  RFI  Shields  Removed 
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Figure  A-5.  Flighf  Dale  MocK ne  A,  25kW/152  M  Altitude, 
180®  Azimuth,  RFI  Shields  In  Place 
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Figure  A-6.  Flight  Data  Machine  B,  2kW,  152  M  Al  titude, 
300“  Azimuth,  RFI  Shields  In  Place 
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Figure  A-7.  Flighf  Data  Machine  B,  2kW,  457  M  AlHhjde, 
300*  Azimuth,  RFI  Shields  In  Place 
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Figure  A-8.  Flight  Data  AAachine  B,  2kW,  457  M  Altitude, 

0®  Azimuth,  RFI  Shields  In  Place 
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Figure  A-9.  Flight  Data  Machine  B,  2kW,  457  M  Altitude, 

240*  Azimuth,  RFI  Shields  In  Place 
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Figure  A-10.  Flight  Dota  A^chine  B,  2kW,  152  M  Altitude, 
240*  Azimuth,  RFI  Shields  In  Place 
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Figure  A-11.  Flight  Data  Machine  B,  2  WW,  152  M  Altitude, 
0*  Azimuth,  RFI  Shields  In  Piece 
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Figure  A- 12.  Flight  Data  A/\achine  C,  3kWf  152  M  Altitude, 
320*  Azimuth,  RFI  Shields  In  Place 
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Figure  A-13.  Flight  Data  AAachine  C,  3kW,  152  M  Altitude, 
20“  Azimuth,  RFI  Shields  In  Place 
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Figure  A-14.  Flight  Data  Machine  C,  3kW,  152  M  Altitude, 
260*  Azimuth  RFI  Shields  In  Place 
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Figure  A-15.  Flight’  Data  Mochine  C,  31cW,  152  M  Altituc 
260”  Azimuth,  RFI  Shields  Removed 
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Figure  A-16.  Flight  Data  Machine  C,  3kW,  152  M  Altitude, 
320*  Azimuth,  RFI  Shields  Removed 
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Figure  A- 17.  Flight  Data  Machine  C,  3kW,  152  M  Altitude, 
20®  Azimuth,  RFI  Shields  Removed 
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Figure  A-18.  Flight  Data  Machine  D,  2kW,  152  M  Altitude, 
320"  Azimuth,  RFI  Shields  In  Place 
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Figure  A-19.  Flight  Data  Machine  D,  2kW,  152  M  Altitude, 

20®  Azimuth,  RFI  Shields  In  Place 
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Figure  A-20.  Fllghf  Data  A^chine  D,  2kW,  152  M  Altitude, 
260“  Azimuth,  RFI  Shields  In  Place 
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Figure  A-21.  Flight  Data  Machine  D,  2  kW,  152  M  Altitude, 
200°  Azimuth,  RFI  Shields  In  Place 
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Figure  A-22.  Flighf  Data  Machine  D,  2kW/  152  M  Altitude, 
60^  Azimuth,  RFI  Shields  In  Place 
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The  aiaterlal  Included  here  Is  taken  from  the  reports  furnished  to  Ohio 
University  by  the  Elite  Electronic  Engineering  Company.  The  test  methods 
and  results  of  the  FCC,  Part  18,  tests  conducted  at  their  Waterman, 
Illinois,  open  field  test  site  are  described  here.  All  of  the  measurement 
data  for  each  of  the  ISM  devices  tested  is  included  in  this  appendix  except 
for  the  text  describing  the  test  procedure  and  equipment.  This  information 
is  described  in  section  IV  of  this  report. 
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Figure  B-1  .  Machine  A  Ground  Determined  Decay  Exponent 
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Figure  B-2.  Machine  A  Operating  Frequency  Field  Intensity 
at  1 000  feet 
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-86- 


cherUerl  bo 


np 

Ill  El  i  iiTPliNTC  i- WPTNI  I  l-lNi:  i.ii. 
uAiA  :*Ar,r: 

TEM  :  I  r.r.  PAlOl  IBl*  1  Win  If:)  R  3  A.  Ill  .VI  TNI-;  )  f.H!;i  r  lU  N  i 

rtANin-Mi.  1  ii:;:  i<  : 

rtCDX  L  ♦  ;  ^ 

r>/M  :  PROTOTYPE 

DAir  TEr.TL'D  j  OnTOPER  11,  19P3 

Distunes?  ;  POO  ft.  Azu-mth  !  IPO  degrffes 
Corrections  h^»sed  on  e  field  decay  exponent  of  1.95 


!-req . 

Mtr  Rd.j 

Ant . 

Oist . 

Total 

Total. 

Linit 

f  ac  . 

corn 

dPuV/M 

oU/« 

o9/n 

HJU 

rtOoV  1 

.10 

dO 

f*  l/tile 

P  iMile 

e  iMiXe 

P7. 1.114 

5.'> .  0 

11  .0 

-S5.4 

12.4 

4.  1 

n .  0 

54 . 2627 

37.1 

13.0 

-55.4 

-5.3 

0.5 

10.0 

«1  ..5941 

.32 . 9 

Q.7 

-55 . 4 

-13.9 

0.2 

in .  0 

1  OP..  5254 

13.9 

11  .6 

-55.4 

-29 . 7 

0 . 0 

10.0 

1  -35 . 656il 

.i.3 . 7 

12.2 

-55 . 4 

-9.5 

0..3 

10,0 

16?. 7882 

?9.6 

19.3 

-  55 . 4 

-6 . 5 

0.5 

10.0 

189.7195 

29 . 2 

1:3.4 

-55 . 4 

-7.7 

0 . 4 

in.o 

21V. 0509 

28 . 9 

16.7 

.  -55.4 

-9.8 

0.3 

10.0 

244 .1823 

1  9  .  .3 

17.0 

-55 . 4 

-19.1 

0.  1 

10.0 

271 .3136 

19.8 

17.3 

-55 . 4 

-18.4 

0.1 

10.0 

I-:!  1  n  FI  I  t-TRow  K  I  MrrfNi  r!»'  U.<i.. 

I A  i*  AriF 

rr'.i  ;  III-  fAirr  um  iNniinru.. ai  kiai.inc.,  nauici-.r m 

iiAWl  i;  At  I  *  •  '•  : 

MtlDI-L  ♦  :  A 

S/N  :  PSOTOTYPE 

DATE  TFSffD  !  OCTOnrR  11,  IS'83 


0i*»T4n«:e  :  200  ft.  AriMuth  :  14il  d9gr«>es 

Corrections  based  on  a  field  decay  exponent  of 


f- reij . 

Mtr  Rdg 

rtPtiiV 

An  t . 
f  ac . 

•IB 

Dist . 
corr 
•IB 

T  0  T  .t  \ 
dPwU/rt 

II?  tnile 

Total 

oV/« 

»»  iMile 

limit 

oV/« 

S  iMtle 

27. 1 39:1 

5A .  4 

11.0 

-55.4 

12.0 

4.0 

0  .  0 

54.2795 

40.8 

13.0 

-55.4 

-1 .6 

0.8 

10.0 

ai .4193 

37,9 

3.7 

-55 . 4 

-8.7 

0.4 

10.0 

10}!.  5590 

20 . 1 

1 1.8 

-55.4 

-23 . 5 

0 . 1 

10,0 

!  .1.'5 . 

35 . 5 

12.2 

*55 . 4 

-7.7 

0 . 4 

10,0 

1^2.0335 

27 . 7 

19.3 

-55.4 

-8.4 

0.4 

10.0 

1 09 . 9733 

25 . 1) 

10.3 

-55.4 

-12.  1 

0 . 2 

10  .  D 

217.1180 

25.5 

16.7 

-55.4 

-13.2 

0.2 

10 . 0 

244.2570 

1A.5 

17.0 

-55.4 

-21.9 

0.1 

10  .0 

271 . 3975 

20 . 4 

17.3 

-55 . 4 

-17.8 

0.1 

10.0 

rherked 
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ETi? 

El  I  M'  FI  ICTRUNir.  r  WnTNl  I  I' I  Nf.  cu. 

i'jata 


TFS  f  :  I  ri';  t'Als  I  IHiii  Al  IIIAVINC-.  liJiiiihlNi 

nAi'‘JH.  Ai  ri);<:  ;<  ; 

finnf  L  ♦  :  A 

S/N  :  !'»RQTOTYPE 

DAIF  TCPTFD  :  OCTOBER  11,  1983 

Test  Oi->fv»nre  ;  200  fT.  AziHOth  :  lAO  dftgr(?c>s 

Corrections  h^sed  on  »  field  decay  exponent  of  1 . 9^ 


freq  . 

MH7 

Htr  Rdg 

dHoU 

Ant . 
far  . 
dfl 

Oist . 

corr 

OB 

To  tel. 
dBoV/M 

A  lMil.e 

Total. 

uV/m 

8  iMile 

L 1  r->  i  t 
\iK>/n 

e  1  \  1  e 

27.11 97 

S7 . 2 

11.0 

-55 . 4 

12.8 

4..1 

0 . 0 

54 . 2394 

43.1 

13.0 

-55.4 

0.7 

1  . 1 

10.0 

81 .3570 

40.3 

8.7 

-.5.5 . 4 

-6.0 

0.5 

10.0 

10{:.47a7 

22 . 9 

11.8 

-55.4 

-20.7 

0  .  1 

10.0 

1 .5b  .  r,9H4 

2:1.7 

12.2 

“55 . 4 

-14.4 

0.2 

in .  0 

162.7101 

22.7 

19.3 

-55.4 

-13.4 

0.2 

10.0 

1  87 . 3.377 

26 . 0 

13.4 

-55 . 4 

-11.1 

0  ..1 

10.0 

216.9574 

26 . 1 

16.7 

-55.4 

-12.6 

0.2 

10.0 

244.0771 

17.9 

17.0 

-55 . 4 

-20  .S 

0.  1 

10  .  0 

271 .1968 

17.2 

17.3 

-55 . 4 

-21.0 

0  .  1 

10.0 

Cher  keel  by: 


1..  I  I  i  r  n  I  ( 1 1;! tr-’- .  r  i  N'i  .  i  wi  i  i.'  i  (  1 1 . 

I  *' 

Tii'.f  ;  1- Cl  PiM-'T  inf)  INr.li'.TU-JA'  I'.lAVjNr.  I  fjil  I  I'f.ii  NI 

MAfJI  JrAi'.  1 1  Iff  P!><  ! 

MdlHX  ♦  !  A 

;>/N  :  PROTOTYPE 

DAIi:  TESTED  :  OCTOnT  ft  11  >  19f!.'\ 

Test  Oi.'»tAnr:«“  :  200  ft.  A^iwoth  ;  IHO  degr<-es 

Corrections  hesed  on  a  field  decay  exponent  of  1  .9t‘ 


Fre*i . 

Mllr. 

Mtr  Rdg 

dOiiV 

An  t . 
far  . 
rt£< 

Dist . 
corr 

<18 

Total. 
dPoy/M 
@  1  Ml  .1.0 

Total. 

uV/h 

1?  1  Mi  1.  ►' 

LlMTt 

wV/m 

8  iMi.  le 

27. 14!lt 

60 . 0 

11.0 

-5.5 . 4 

15.6 

6.0 

0  .  0 

54.2962 

42 . 1 

13.0 

-55.4 

-0.3 

1  .  0 

10,0 

81 .4444 

43.5 

.3.7 

-5.5.4 

-3 . 3 

0,7 

10.0 

1  Of.  .5925 

27.2 

11.9 

-55 . 4 

-16.4 

0.2 

10.0 

1.15.740.'^ 

21) .  7 

1 2 . 2 

-55 . 4 

-14.5 

0,2 

10.0 

162. 8807 

32.5 

19.3 

-55.4 

-3.6 

0,7 

10.0 

190 . 036:1 

3.3 .  .3 

l;i..3 

-55 . 4 

-  .3 .  i  ) 

0.6 

10.0 

217 . 1849 

26.2 

16.7 

-55.4 

-12.5 

0.2 

10.0 

244.. 3.3.31 

20.6 

17.0 

-55 . 4 

-17.8 

0.  1 

10.0 

271 .4812 

20.3 

17.3 

-55 . 4 

-17.9 

0.1 

10.0 

r  her  ke<i 
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Ii-:i  .1  if  Fl  !  i:  I  Ni'TiVI  1  ivINi'-  TCi  • 

data  i'Ai-C 

-j-l  <.,7  :  ^T.r.  S'Ali'T  15:r»  1  N'*! iM  (.•  I  Ai  IM  Al  INf-  M-'U.MT'ri  M  ! 

MANIIFAi;  : 

MliDCL  ♦  :  A 

:j/N  !  PROTOTYPE 

DATE  TESTED  :  OOTODFR  11,  19ns 

Test  Distance  :  200  ft.  AriMuth  ;  200  degrees 

Corrections  based  on  a  field  deray*  exponent  of  1  .9f* 


Freq  . 

Mtr  Rdq 

An  t . 

Dist . 

Total 

Total 

Li  Ait 

fac  . 

cerr 

dBoO/« 

oO/w 

u9/m 

HHz 

dSu9 

rtlii 

dD 

8  iMt  l.e 

!i>  Irtile 

6  lAile 

27.2509 

78 . 7 

11.0 

-55 . 4 

34.3 

51  .  .'> 

(1 .  0 

54.5019 

40.8 

12.9 

-55 . 4 

-1  .7 

0.8 

10.0 

at .7528 

48.1 

3.7 

•35.4 

1 .4 

1 .2 

10.0 

lOV . 003R 

40.1 

11  .9 

-35.4 

-3.4 

0.7 

10.0 

1 3/j  .  2547 

44.8 

12.4 

-55 . 4 

1 .7 

1  . 1  > 

10.0 

163.505^. 

53.7 

19.5 

-55 . 4 

17.8 

7.7 

10.0 

190 .7566 

48.9 

18.2 

-3S.4 

11.7 

3.8 

10.0 

218.0075 

39.1 

16.7 

-55.4 

0.4 

1  .0 

10.0 

?.4f, .  2583 

30.4 

17.0 

-5.3 . 4 

-8.0 

0.4 

10.0 

272.5094 

37.1 

17.3 

-55.4 

-  1  .  1 

0.9 

10.0 

1  I*  ^  ^ 

El  iir  ei„ f  rTwOf-n ('  I  I'K-Twi,  f;  j  , 

TFM  :  r  cr  PAUT  1  f'.n  I  a;  IIIAViNU  r  Qii:  r-Hi  N'l 

rtANijp An  rijRi -ii  i 

MfiDi'L  ♦  ;  A 

S/N  i  PROTOTYPE 

DATF.  TEPIFD  :  OCTORFR  11,  196:3 

Test  Distance  ;  200  ft.  Ati«-»»th  :  2'?!)  degrees 

Corrections  besed  on  »  field  decay  exponent  of  7,9ri 


Kr  eq  . 

MHt 

Mtr  Rdg 

dBuV 

Ant . 
f  ac . 
dS 

Oist . 

corr 

.J8 

Tot-n  1. 
dB»y/M 

8  lei  l.e 

Total. 

oM/« 

S?  iMile 

Liei  t 
UO/M 
e  iMile 

27. 1409 

62.6 

11.0 

-5.5 . 4 

l:.3.2 

8.  1 

0.0 

54.2819 

39.8 

13.0 

-55.4 

-2.6 

0.7 

10.0 

81 .4220 

51  .5 

8.7 

-55.4 

4.7 

1.7 

10  .  0 

106:.  5637 

26.6 

11.8 

-55.4 

-17.0 

0 . 1 

10.0 

135 . 7047 

13.:l 

12.2 

-55 . 4 

-29 . 4 

0 . 0 

10.0 

162.8456 

31 .6 

19.3 

-55.4 

-4.5 

0.6 

10.0 

1 89 . 9065 

31  .6 

1:3.. 1 

-55 . 4 

-.5 . 5 

0.5 

10.0 

217.1275 

33.7 

16.7 

-55.4 

-5.0 

0.6 

10.0 

244 . 2684 

21  .2 

17.0 

-5.5 . 4 

•17.2 

0.  1 

10.0 

271 .4094 

17.0 

17.3 

-55 . 4 

-21  .2 

0.1 

10.0 

rrii- 

F.l  •  If  t'i  l  I  i'l'.  iiiJK’  l  rJl-!Nl  I  i.'lNI.  t  m, 

I  ^  i  ’  .  il"'. 

TI'M  :  iTi-  fA.-;'T  J;i?/  <  M>u: .  I  i.’ !  A-  |  |jM  ,  rn,  nj 

tiANiirrtnvr.r.iri  ■. 

Mnr>FL  ♦  :  A 

-S/N  :  PROTOTYPE 

DATE  TESTED  :  OCTODFR  H,  19S3 

Di«*t-inr*»  :  UOO  ft.  Arittoth  :  2Afl  degrF*«»s 
Corrections  based  on  »  field  decay  exponent  of  1,9S 


Freq . 

MHz 

Mtr  .Rdij 

dOiji; 

Ant . 
fac  . 
dD 

Oist. 

corr 

Tot.->  1 
dHuV/w 
tt  Irtile 

Total. 

ii9/r« 

Irtil, 

Lif-n.  T 
uU/m 
@  1 M  i  1  e 

27.1401 

6.1 . 9 

11.0 

-55.4 

19.5 

9.4 

0 . 0 

54.2801 

39.2 

13.0 

-55 . 4 

-3.2 

0.7 

10.0 

81 .4202 

39.7 

8.7 

-55 . 4 

-7.1 

0 . 4 

10.0 

1  OK. 5603 

20.3 

11.8 

-55.4 

-23.3 

0 , 1 

10,0 

1. ’55.7004 

3J) .  .5 

1 .2 . 2 

-55 . 4 

-4.7 

0  .  .6 

10.0 

162.8404 

29.9 

19.3 

-55 . 4 

-6.2 

0.5 

10.0 

187.9805 

26.3 

18.3 

-55 . 4 

-10.8 

0.3 

10.0 

217.1206 

31  .6 

16.7 

-55 . 4 

-7.1 

0.4 

10.0 

.744.26  07 

22 . 1 

17.0 

-55 . 4 

-U..3 

0 . 2 

10,0 

271 .4007 

17.7 

17.3 

-55.4 

-20.5 

0.1 

10.0 

ETJ  gl^f 

tfi  .i  u  fi  i  i  twhn;  r.  i  i^r.  i  ni  f.n, 

OATA 

Tr.‘;T  :  I  CJ-  PAI-* !  i::n  Ii'.TilP.  TTM  Al  MiAJT.VC-  rf^inj'hlN. 

MAwurAi. n)n::;<  : 

MODFL  •  !  A 

SVN  :  PROTOTYPE 

DATE  TESTED  :  OCTODKR  11,  1983 

T»?sT  Distanre  !  OOO  ft.  Ai  i«uTh  :  260  degrees 

Corrections  h^sed  on  a  field  decay  exponent  of  1.9^ 

Fref| .  Mtr  Rdq  Ant.  Dist.  Tot.'^l  Total  Lii^it 

f ac .  corr  dRuO/n  uO/m  uO/m 

MHr  dRoy  *18  dB  A  la  inile  S  Iwile 


■t 


CTP 

fl  »•!  £1  I  i.TRfU'»U.;  1  NtilNr  rP  INC^  CD, 

Of-TA  l‘Ar.Z 


K' 


k 


TCCi 

1  nr  KAu- 1 

n;fi  1 

TIVlAl  HIA'ITNC  l  U.ii  l  PHI  K' 1 

MANiu  iM’.ruic.  r<  •. 

rtOUt  L 

« 

A 

:j/N 

» 

• 

PROTOTYPE 

DATr 

TESTFD  5 

OCTOPI'R  11  >  1^®2 

Test 

:  200  rt 

.  Artnuth  ;  280 

degrees 

Corrections  based  on  a 

field  decay  exponent  of  1.9b 

!'  r  ©rj  , 

rttr  Rdij 

An  r . 

Di«4t . 

Total 

Total 

Lxmx  T 

f  ac  . 

core 

dBoV/« 

ttV/n 

uV7« 

M!  1 7. 

dAuV 

dO 

•?  tnile 

8  Inile 

8  InLle 

27 . 1  ?),?1 

67.2 

11.0 

--S3 . 4 

22.8 

13.7 

0.0 

54.3046 

31  .9 

13.0 

-55.4 

“10.5 

0.3 

10.0 

81 .4569 

34.  S 

8.7 

-5.3. 4 

-12.3 

0.2 

to .  0 

toe. 6092 

19.0 

11.9 

-55.4 

-24.6 

0.1 

10.0 

133.761.5 

43.2 

1 2 . 2 

-3.3 . 4 

-0.0 

1 . 0 

10  .  0 

162.9138 

24.3 

19.4 

-55.4 

-11.8 

0.3 

10 .0 

170 . 0661 

29 . 7 

18.3 

•5:5 . 4 

-7.4 

0.4 

10.0 

217.2184 

27.0 

16.7 

-55 . 4 

-11  .7 

0.3 

10.0 

244.3707 

19.4 

17.  D 

•-S3 . 4 

-19.0 

0.  1 

10,0 

?71 .5230 

19.3 

17.3 

-55 . 4 

-18.4 

0.1 

10.0 

I 


i 


ffl^S 

Ei  I  Il‘  E.  t  (  I  rJPTWl  1  u-  ijNjc;  f.n  . 

IiAlt.  i'Au.' 

TF:-.T  ;  KCn  PAICT  TNr»nf;Tu;i  A(  UtATlNr.  rOiilPMiN  i 

MANur : 

HOHEL  ♦  :  A 

S/N  :  PROTOTYPE 

DATE  TESTFD  :  OCTOPER  11,  19fc;3 

Test  Distance  :  200  ft.  Azimuth  ;  300  degrees 

Corrections  based  on  a  field  decay  exponent  of  1.97 


Freq  . 

MIU 

Mtr  Rdg 

dPiiV 

Ant . 
fac  . 

dll 

Dist . 

corr 

fIB 

Total 

dPuU/rt 

8  Inile 

Total 

u<J/n 

S  Irtile 

LiMi  t 
uV/m 

6  1 M  i  1  e 

27 . 2453 

76.7 

11.0 

-55.4 

32.3 

41 . 0 

0 . 0 

54.4905 

39.8 

12.9 

-55.4 

-2.7 

0.7 

10.0 

81 .7358 

43.7 

8.7 

-55.4 

-3.0 

0.7 

10  .  0 

101!. 9811 

30.1 

11.9 

-55.4 

-13.5 

0.2 

10.0 

13ft, 2263 

53 . 0 

12.4 

-55 . 4 

9.9 

3.1 

10.0 

163.4716 

55.3 

19.5 

-55 . 4 

19.3 

9.3 

10.0 

190.7169 

34.2 

18.2 

“55 . 4 

-3.0 

0.7 

10.0 

217.9ft22 

52.2 

16.7 

-55.4 

13.5 

4.7 

10.0 

245.2074 

38.8 

17.0 

-55.4 

0.4 

1  .  0 

10.0 

272.4527 

44.3 

17.3 

-55.4 

6.1 

2.0 

to  .  0 

Cher  kert  b  y  :  _v 
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ETi5 

t:i  .I'll'  £.,!  ciRtiwir:  (  wjiiNi  rr.:Ti\ic;  ro. 

IfAi  I  ^  I*  H ( 


Ti'K'.  .  iT.i;  I'Ain'  lan  jn.dh;-.. ir i  ai  iji  attnc.  r-G'in i-r„  |\|t 

MANUR Ai’.TIJSi  : 

MnHEL  ♦  :  A 

S/N  :  PROTOTYPE 

DATE  TESTED  ;  OCTORCR  11,  19H3 

Test  Dl^ixanre  :  200  ft,  A/i/nuth  ;  320  degr«?<!>s 

Corrections  based  on  a  field  decay  exponent  of  1.95 


Frag . 

MH7 

Mtr  Rdq 

dBiiGi 

An  t . 
fac  . 
dB 

Dist . 

c  orr 
dB 

Total. 

dBuV/rt 

8  Irtile 

Total 

oy/« 

P  IrtilF* 

Lii'oi  t 
«U/m 

8  1 M  i.  1 

27.2502 

75.7 

11.0 

-55.4 

31 . 3 

36 . 5 

0  .  0 

54.5004 

38.8 

12.9 

-55.4 

-3.7 

0.7 

81 .7507 

45.5 

8.7 

-55.4 

-1.2 

0.? 

109.0009 

34.0 

11.9 

-55.4 

-9.5 

0.3 

10,0 

136.2511 

55 . 7 

12.4 

-55.4 

12,6 

4.. 3 

10.0 

163.5013 

50.8 

19.5 

-55 . 4 

14.9 

5 . 5 

190.7515 

40.9 

in. 2 

-55 . 4 

3.7 

1  .5 

10.0 

2lf:.  0017 

54.8 

16.7 

-55.4 

16.1 

6.4 

10.0 

245.2520 

37.1 

17.0 

-55.4 

-1.3 

0.9 

272.502? 

40 . 0 

17.3 

-55 . 4 

1 .8 

1  .2 

ETR 

sn? 

Ei.yir 

ei  1  {:TRnNr(: 

f  NPJNI  n.’ 

INP  (:n. 

I)  A  r  A 

i>Ar,c 

TFi;I 

« 

rr.c  f'AfM 

inn  TNntir.TRiAi  ui  aitnp.  lauu’KiNn 

MANUFAnnWlTK  : 

MODGL 

4 

A 

S/N 

< 

« 

PROTOTYPE 

DAIE 

TESTED  5 

OCTOHFW 

11,  1983 

T«st 

Distance 

{  200  ft.  AziMuth  !  340 

degrees 

Corrections  based  on  a 

field  decay  exponent  of  1.95 

Freq . 

Mtr  Rdg 

Ant . 

Dist . 

Total 

Total 

Lini  T 

f  ac  . 

corr 

dBuO/e 

uV/« 

uU/« 

MHz  • 

clBuV 

dB 

dB 

9  tnile 

9  tMiln 

6  1  i-n  1 1  e 

27.1571 

64.1 

11.0 

-55. 4 

19.7 

9.6 

0.0 

54.3M3 

37.5 

13.0 

-55.4 

-4.9 

0.6 

10,0 

81 .4714 

44.7 

8.7 

-53.4 

-2.1 

o.a 

10.0 

108.&2Si> 

29.1 

11.9 

-55.4 

-14.5 

0.2 

10.0 

135.78S7 

37.6 

12.2 

-55.4 

-5.6 

.0.5 

10.0 

162.9429 

23.2 

19.4 

-55.4 

-12.9 

0.2 

10.0 

190 .1000 

24.6 

13.3 

-55 . 4 

-12,5 

0.2 

10.0 

217.2572 

27.8 

16.7 

-55.4 

-10.9 

0.3 

10 . 0 

244.4143 

20.3 

17.0 

-55 . 4 

-17.6 

0.1 

10.0 

271 .5714 

16,1 

17.3 

-55.4 

“22 . 1 

0.1 

10.0 

ch«cl<»»r| 


FIELJI  0(10611!  PATISX I  Ifl' 


rTi-*  r:’!!! 

El  I TF  EiJC'TRnNir.  rNmNrrRiNn  cn. 

DATA  {‘Af-c 


TEJIT 

MANIir  ACTURFR 
MODEL  ♦ 

:l/N 

DATE  TESTED 


FOC  PART  ISn  INDUSTRIAl.  KfATINO  f.  OUTI'MLNT 

B 

PROTOTYPE 
NOUFHBER  11 »  1983 


Te«t  Distance  :  75  ft.  Azinuth  :  0  degrees 

Corrections  based  on  a  field  decay  exponent  of  1 .95 


Freq . 

MHz 

Htr  Rdg 

dBiiV 

Ant . 
fac. 
dEi 

Oist . 
corr 
tih 

Total 

dRiiV/n 

R  Inile 

Total 

uV/m 

R  Inile 

Lini  t 
oV/« 

8  Inile 

27.0911 

45.3 

11  .0 

-72 . 1 

-15.8 

0.2 

0 . 0 

54.1821 

31.3 

13.1 

-72.1 

-27.7 

0.0 

10.0 

81 .2732 

41  .3 

8.6 

-72.1 

-22 . 1 

0.1 

10.0 

ion. 3642 

71  .3 

11.8 

-72.1 

11  .1 

3.6 

10.0 

135.4553 

54.8 

12.1 

-72.1 

-5.1 

0.6 

10.0 

1 62 . 5463 

55.9 

19.3 

-72.1 

3.1 

1 .4 

10.0 

139.6374 

48.9 

18.4 

-72.1 

-4.8 

0.6 

10  .0 

216.7284 

42.7 

16.7 

-72.1 

-12.6 

0.2 

10.0 

243.0195 

40,0 

17.0 

-72.1 

-15.1 

0.2 

10.0 

270.9105 

39.0 

17.3 

-72.1 

-15. ft 

0.2 

10.0 

103 


harked  by: 


nr  nr*ni 

n  iir  rifTTRONTC  rNf'iTNrFRiNf;  rn. 

DATA  PACr 

TFM  : 

rrr.  PART 

1BD  INmir.TKlAI  HfAirNT;  FOini'MFNT 

MANl/FAr  rURC;?  : 
MOntL  ♦  : 

B 

:>/N 

PROTOTYPE 

DATE  TEP.TCD  ; 

NOVEMBER 

11,  1983 

Te«t  Oist^knr.© 

7t5  ft 

.  Ari««rh  :  20  degrees 

Corrections  bAsed  on  a 

field  decay  exponent  of  1.95 

Freq.  Mtr  Rdq 

Ant . 

Dist .  Total  Total 

Lirii  t 

f  ac  . 

corr  dBoV/M  uV/h 

uV/m 

MHr  dBiiU 

rtB 

dB  1?  Inile  P  lnil»? 

9  iMile 

27.1457 

53.0 

11.0 

-72 . 1 

-»3.1 

0.4 

0.0 

54.2915 

23.9 

13.0 

-72.1 

-35.1 

0.0 

10.0 

Si .4372 

3«.2 

8.7 

-72.1 

-25.2 

0.1 

10 . 0 

100.5829 

70.6 

11  .9 

-72.1 

10.4 

3.3 

10.0 

1 35 . 72.'?? 

53.6 

12.2 

-72.1 

-6.2 

0.5 

10.0 

162.8744 

55.4 

19.3 

-72.1 

2.7 

1  .4 

10.0 

190,0201 

51.1 

18.3 

-72.1 

-2.6 

0.7 

10.0 

217.1659 

42.7 

16.7 

-72.1 

-12.6 

0.2 

10.0 

244.3116 

41  .8 

17.0 

-72.1 

-13.3 

0.2 

10.0 

271.4573 

37.5 

17.3 

-72.1 

-17.3 

0.1 

10.0 

i 


A 


11 


nr-  Rr»ni 

ri  ITT  FI  F  r.TPOK'  ir  r'i>r.TNi  r  KTwr.  rn. 
rmTA  !>n(;r. 

KF'.i  :  rrc  PART  inn  TNnnr.TRiAi  HFATiwr,  rourr-Mi  wi 

rtANtiFArrilRr.:;  : 

MOPFL  ♦  :  B 

n/N  ;  PROTOTYPE 

DATE  TEF.TED  :  NOVEMBER  11,  1983 

Test  Diistance  s  75  f  t .  AziMuth  :  40  degrees 

Corrections  based  on  a  field  decay  exponent  of  1.9^i 


Freq . 

MHz 

Mtr  Rdg 

dBuV 

Ant . 
fac. 
dB 

Oist . 
rorr 
dB 

Total 

dBoV/n 

8  Inile 

Total 

uV/« 

B  leile 

Lirti  t 
uV/m 
e  Inile 

27 . 1  ;’34 

35.1 

11.0 

-72.1 

-6.0 

0.5 

0 . 0 

54.P468 

26.3 

13.0 

-72.1 

-32.7 

0.0 

10.0 

81 .3702 

38.4 

8.7 

-72.1 

-25.0 

0.1 

10.0 

108.4936 

68.6 

11.8 

-72.1 

8.4 

2.6 

10.0 

135.6170 

53.0 

12.2 

-72 . 1 

-6.9 

0.5 

10.0 

162.7404 

54.6 

19.3 

-72.1 

1.9 

1  .2 

10.0 

189.8638 

52.8 

18.4 

-72.1 

-0.9 

0.9 

10.0 

216.9871 

44.4 

16.7 

-72 . 1 

-10.9 

0.3 

10 . 0 

244.1105 

43,6 

17.0 

-72.1 

-11 .5 

0..3 

10  .  0 

271.2339 

34.0 

17.3 

-72.1 

-20.8 

0,1 

10.0 

CTf  P.7ni 

EL  nr  El  r  (  TRONTf:  rNUTNCERINr-  CO. 

r>mA  PArr 

TEf.T  :  F  Cr  PAKT  IP.n  INDUSTRIAL  Hf  AT  INI;  FrJlUPhFNl 

MANUFACTURF.«  s 

MODEL  ♦  :  B 

S/M  :  PROTOTYPE 

DATE  TESTED  ;  NOVEMBER  11,  1983 


Te<sT  Distance  :  7S  f  t .  AzImutM  s  60  degrees 

Corrections  based  on  a  field  decay  exponent  of  1.95 


Freq  . 

MHz 

Mtr  Rdg 

dBuV 

Ant . 
fac  . 
dB 

Dist . 
corr 
dB 

Total 
dBoV/rt 
«  Inile 

Total 
uV/« 
e  Inile 

Lirti  t 
oV/n 

9  leile 

27.1120 

54 . 0 

11.0 

-72. 1 

-7.1 

0.4 

0  .  0 

54.2240 

29.8 

13.1 

-72.1 

-29.2 

0.0 

10.0 

81 .3360 

39.5 

8.7 

-72.1 

-23.9 

0.  1 

10  .  0 

10B.4480 

69.6 

11  .8 

-72.1 

9.4 

2.9 

10.0 

135.5579 

50.2 

12.2 

-72.1 

-9.7 

0.3 

10.0 

162.6719 

48.6 

19.3 

-77.1 

-4.2 

0,6 

10.0 

189.7037 

40 . 0 

(8.4 

-72.1 

-13.7 

0.2 

10.0 

216.8959 

39.1 

16.7 

-72.1 

-16.2 

0.2 

10.0 

244.0077 

46.2 

17.0 

-72.1 

-8.7 

0.4 

10.0 

271 .1199 

28.7 

17.3 

-72.1 

-26.1 

0.0 

10.0 

checked 

-106- 


b  y ! 


PJ  CJ  P4 


nr-  nrm 

n:i  iTL  EinmnNir  rK'niwr rRiNu  m. 
r>riiA  I'Anr: 

T£V;T  ;  FHC*.  PART  lUH  1  NOtirTR  1  Ai  HFATlNl-i  fOlUPMI  Nl 

rtANHFACriJRFR  ; 

MOnFL  ♦  :  B 

rj/N  :  PROTOTYPE 

DATE  TESTED  :  NOVEMBER  11,  1983 

Test  Distance  :  75  ft.  Arinuth  :  80  degrees 

Corrections  based  on  a  field  decay  exponent  of  1,95 

Freq.  Htr  Rdg  Ant.  Dist.  Total  Total  Li«it 

f ac .  corr  dPuV/n  uV/m  oV/« 

MHz  dBiiV  dB  dB  9  Inile  6  tnile  9  Inlle 


27. \ 079 
54.2158 
81 .3236 
108.4315 
135.5394 
162.6473 
1 89 . 7552 
16.8630 
43.9709 
71 .0788 


55.3 

11.0 

-72.1 

-5.8 

0.5 

0.0 

31  .2 

13.1 

-72.1 

-27.8 

0.0 

10.0 

40.5 

8.7 

-72.1 

-22.9 

0.1 

10 . 0 

67.7 

11.8 

-72.1 

7.5 

2.4 

10.0 

50.4 

12.2 

-72.1 

-9.5 

0.3 

10 . 0 

47.1 

19.3 

-72.1 

-5.7 

0.5 

10 . 0 

44.2 

18.4 

-72.1 

-9.5 

0.3 

10  .  0 

40.7 

16.7 

-72.1 

-14.6 

0.2 

10.0 

44.0 

17.0 

-72.1 

-11.1 

0..5 

10  .  0 

42.2 

17,3 

-72.1 

-12.6 

0.2 

10.0 

checked 


-1(17- 


ni.- 

£1  rrr  Ei.r  nTwnwir  j  wi.TNr-rRiiNM-.  nn, 

OAfA  ;*Ar>C 

irviT  :  rnr.  part  inn  tnixiptptai  iiFAUNn  foujpmfnt 

riANUFACriJRF.R  ; 

MODEL  *  :  B 

S/N  8  PROTOTYPE 

DATE  TESTED  8  NOVEMBER  11,  198:1 


T#st  Distance  8  7S  ft.  Azinuth  8  100  degrees 
Corrections  based  on  a  field  decay  exponent  of  l.?^ 


Freq  . 

MHz 

Mtr  Rdg 

dBuV 

Ant . 
f  ac  . 
dB 

Oist . 
corr 
dB 

Tot.iT 

dBuV/n 

9  tnile 

Total 

uV/« 

9  tnile 

Linit 

oV/m 

9  Inile 

27.1114 

5.3.1 

11.0 

-72.1 

-8.0 

0.4 

0.0 

54 . 2228 

33.5 

13.1 

-72.1 

-25.5 

0.1 

10.0 

81  .334.1 

38.2 

8.7 

-72.1 

-25.2 

0.  1 

10.0 

108.4457 

68.2 

11  .8 

-72.1 

8.0 

2.5 

10.0 

135.5.571 

47.7 

12.2 

-72 . 1 

-12.2 

0.2 

10.0 

162.6885 

48.4 

19.3 

-72.1 

-4.4 

0.6 

10.0 

189.7799 

43.0 

18.4 

-72.1 

-10.7 

0.3 

10.0 

216.8914 

50.5 

16,7 

-72.1 

-4.0 

0.6 

10.0 

244.0028 

45.0 

17.0 

-72.1 

-10.1 

0..3 

10.0 

271 .1142 

43.7 

17.3 

-72.1 

-11.1 

0.3 

10.0 

checked  by8 
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r-i  JTT  nt  t:TPOw:i(.  r wjutnitr]  wr.  rn. 

Data  ;Mnir 

TF‘.T  :  rrr  fARr  inn  jNmmTP/Ai  HrATiNc;  i^oiupniNi 

rtANMFAr  iimr:R  : 

MOPFL  ♦  :  B 

G/N  !  PROTOTYPE 

DATE  TEKTED  ;  NOVEMBER  11,  198.1 

T«%t  Di«t4nce  :  7S  ft.  Azi«uth  ;  l?n  degree's 

Corrections  based  on  a  field  decay  exponent  of  1.95 

Freq.  Mtr  Rdg  Ant.  Dist .  Total  Total  LiMit 

fac .  corr  dBuV/«  oV/m  uV/« 

MHt  dBiiV  MB  d8  A  Inile  8  Inile  8  Inile 


nr’ 

Ki  iir  n  r  niRONTr.  FwniNf  rRiNr.  no, 

DATA  I’AHC 

Trf;T  :  rcc  PAin  inn  iNnunrcTAi  ufatjnr  F&tirphFNi 

MANliFAr:TltRFR  : 

MCDF.L  ♦  :  B 

S/N  i  PROTOTYPE 

DATE  TEHTED  :  NOWEMPER  11,  1983 

T*<t  0\4t;tnc<»  :  75  ft.  Azimuth  ;  140  degrees 

Corrections  based  on  a  field  decay  exponent  of  1.95 


Freq . 

MHz 

Mtr  Rdg 

dBuV 

Ant . 
f  ac  . 
dB 

Dist . 
corr 
dB 

Total 

dPoV/rt 

8  Inile 

To  tal 
uV/« 

8  Imile 

Limit 

oV/« 

8  Inile 

27.1111 

50.4 

11.0 

-72.1 

-10-.7 

0.3 

0 . 0 

54.2223 

33.7 

13.1 

-72.1 

-25 . 3 

0.1 

10.0 

81 .3334 

29.4 

8.7 

-72 .1 

-34. 0 

0.0 

10 . 0 

100.4445 

65.0 

11.8 

-72.1 

4.8 

1  .7 

10.0 

1 35 . 5556 

49 . 1 

12.2 

-72.1 

-10.8 

0.3 

10 . 0 

162.6668 

50.3 

19.3 

-72.1 

-2.5 

0.8 

10  .  Q 

189.7779 

40.2 

18.4 

-72.1 

-13.5 

0.2 

10.0 

216.8890 

43.4 

16.7 

-72.1 

-11.9 

0.3 

10.0 

244.0002 

34.1 

17.0 

-72.1 

-21.0 

0.1 

10.0 

271 .1113 

20.9 

17.3 

-72.1 

-33.9 

0.0 

10 . 0 

nr 

El  ITE  El  Fi  TEOnmi  rN<:  r(Vi  rPlNi;  Cn . 
DftU. 


Tff.T 

rtAf^lirAC  rilREK 
MOnEL  ♦ 

S/N 

DATE  TESTED 


rrn  part  nm  industriai  ikaitwe  Funiprtfwr 

B 

PROTOTYPE 
NOVEMBER  11,  1983 


Test  Distancs  ;  75  ft.  Aziaoth  :  lAO  degrees 

Corrections  based  on  a  field  decay  exponent  of  l,9f< 


Freq . 

MHz 

Mtr  Rdg 

dBuV 

Ant . 
fac . 
dB 

Dist . 
corn 

dB 

Total 

dBuV/« 

8  Inile 

Total 

oV/rt 

8  Irtile 

LiMit 

wV/« 

6  l«ile 

27.1074 

47.5 

11.0 

-72 .  t 

•  -13.6 

.  0.2 

0 . 0 

54.2148 

32.7 

13.1 

-72.1 

-26.3 

0.0 

10.0 

81 .3222 

29.9 

8.7 

-72.1 

-33.5 

0,0 

10.0 

108.4295 

65.7 

11.8 

-72.1 

5.5 

1  .9 

10.0 

135.5369 

49.6 

12.2 

-72.1 

-10.3 

0.3 

10.0 

162.6443 

48.4 

19.3 

-72.1 

-4.4 

0.6 

10.0 

189.7517 

31 .9 

18.4 

-72.1 

•  21 .8 

0.1 

10.0 

216.8591 

42.9 

16.7 

-72.1 

-12.4 

0.2 

10.0 

243 . 9665 

37.6 

17.0 

-72.1 

-17.5 

0.1 

10.0 

271 .0739 

39.6 

17.3 

-72.1 

-15. 2 

0.2 

10.0 

-111- 


cherked  by: 


rrr.'  nmi 

El  trr  ELFf  TRONin  F  NIVINF  FRlNi:  (  fi . 
DATA  PAr.C 


Tr;;r  :  Frr.  part  ip.n  industrial  ui  attnc-.  folupmi-nt 

MANDF ACruftfR  : 

MODEL  ♦  :  B 

r>/N  :  PROTOTYPE 

DATE  TESTED  :  NOVEMBER  11,  1983 


Test  Distance  ;  7S  f t .  Arirtuth  i  180  degrees 
Corrections  based  on  a  field  decay  exponent  of  1.9& 


Freq  . 

Mtr  Rdg 

Ant . 
fac . 

Dist . 
corr 

Total 

dPuU/n 

Total 

uU/« 

Lini  t 

oV/rt 

MHz 

dBuU 

dB 

dB 

R  leile 

8  1 ni 1 e 

6  letle 

27.1127 

47.8 

11.0 

-72.1 

-13.3 

0.2 

0 . 0 

54.2254 

28.6 

13.1 

-72.1 

-30.4 

0.0 

10.0 

81 .3380 

35.0 

8.7 

-72 . 1 

-28.4 

0.0 

10.0 

108.4507 

65.8 

11.8 

-72.1 

5.6 

1 .9 

10.0 

1 .15 . 5A34 

48.6 

12.2 

-72.1 

-11.3 

0.3 

10.0 

162.6761 

47.2 

19.3 

-72.1 

-5.6 

0.5 

10.0 

1 09 , 7808 

34.4 

18.4 

-72.1 

-19.3 

0.1 

10  .  0 

216.9014 

30.2 

16.7 

-72.1 

-25.1 

0.1 

10.0 

244.0141 

42.6 

17.0 

-72.1 

-12.5 

0.2 

10  .  0 

271 . 1268 

42.4 

17.3 

-72.1 

-12.4 

0.2 

10.0 

TTR  Brin 

ni.nE  ElJOTRONir.  FNMNfERTNn  ro , 

DATA  PAGC 

TF;;T  ;  rcc  part  IBD  TNDJif.TRTAI  HKATTNG  FUDIPMl-Nl 

MANliP'ACTlJRr.ft  ! 

MODEL  ♦  !  B 

:T/N  :  PROTOTYPE 

DATE  TESTED  {  NOVEMBER  11 >  1983 

Test  Distance  :  75  ft.  Azinuth  i  200  degrees 

Corrections  based  on  a  field  decay  exponent  of  1.7f> 


Freq . 

MHz 

Mtr  Rdg 

dBuV 

Ant . 
f  ac . 
dB 

Dist . 
corr 
dB 

Total 

dBuV/M 

8  Inile 

To  tal 
oV/« 

8  Inile 

Lini  t 
uV/n 

8  Inile 

27.1214 

51  .3 

11.0 

-72.1 

-9.8 

0.3 

0.0 

54 . 2427 

21 .0 

13.0 

-72.1 

-38.0 

0.0 

10.0 

81 .3641 

41 .1 

8.7 

-72.1 

-22.3 

0.1 

10.0 

108.4854 

67.1 

11.8 

-72.1 

6.9 

2.2 

10.0 

1 35. 6068 

50.4 

12.2 

-72.1 

-9.5 

.  0.3 

10 . 0 

162.7282 

43.8 

19.3 

-72.1 

-8.9 

0.4 

10.0 

189.8495 

51  ,2 

18.4 

-72.1 

-2.5 

0.8 

10 . 0 

216.9709 

37,4 

16.7 

-72.1 

-17.9 

0.1 

10.0 

244.0922 

46.7 

17.0 

-72.1 

-8.4 

0.4 

10.0 

271.2136 

39.6 

17.3 

-72.1 

-15.2 

0.2 

10.0 

rir  arm 

ri  ;iTC  El  I  r.TPriKTi:  rN^TN^FRiNa  no. 
DATA  PAr.r 


TI'T.T  :  rrr.  part  IPD  JK'Dili;TPr('il  IIFAUNri  FOU:fPhFNT 

MAfJnrACTDRER  ; 

MOnEL  ♦  ;  B 

a/N  :  PROTOTYPE 

DATE  TESTED  ;  NOVEMBER  11,  1983 


Test  Di«it;«nce  t  7^  ft.  Azimuth  i  220  degress 
Corrections  based  on  »  field  decay  exponent  of  1 .95 


Fr  eq . 

MHz 

Mtr  Rdg 

dBiiV 

Ant . 
fac  . 
dB 

Dist . 
corn 
dB 

Total 

dBoV/H 

P  Inile 

Total 

oV/« 

8  Inile 

Lirtlt 
wV/« 
e  Inile 

27 . 1 039 

52.2 

11.0 

-72.1 

-8.9 

0.4 

0.0 

54.2077 

21  .2 

13.1 

-72.1 

-37.8 

0.0 

10.0 

81.3116 

43.0 

8.7 

-72.1 

-20.4 

0.1 

10 . 0 

108.4154 

66.0 

11.8 

-72.1 

5.8 

1  .9 

10.0 

135.5193 

45.9 

12.2 

-72.1 

-14.0 

0.2 

10 . 0 

162.6232 

42.8 

19.3 

-72.1 

-10.0 

0.3 

10.0 

189.7270 

44.3 

18.4 

-72.1 

-9.4 

0.3 

10.0 

216.8309 

37.6 

16.7 

-72.1 

-17.7 

0.1 

10.0 

243.9347 

43.1 

17.0 

-72.1 

-12.0 

0.3 

10.0 

271 . 03P.6 

33,3 

17.3 

-72.1 

-21.5 

0.1 

10.0 

nr?  R?oi 

n  iir  ELFrTRfJNJC  rN(;iNE  f‘.r:iN<:  ca. 

DATA  rA<:;r 

Trr.T  :  rrc  part  isd  jNnnrTRTAi  HtAUNf;  F/jiuPMi- n) 

MANtIFAf:  rURf'R  : 

MODEL  ♦  :  B 

5/N  :  PROTOTYPE 

DATE  TESTED  :  NOVEMBER  11,  1983 

Test  Distance  :  7S  ft.  Azinuth  :  240  degrees 

Corrections  based  on  a  field  decay  exponent  of  1,95 


Freq  . 

MHz 

Mtr  Rdg 

dBuV 

Ant . 
fac . 
dB 

Dist . 

corr 

dB 

Total 
dBuV/n 
fi  Inile 

Total 

oW/« 

8  Inile 

Liisi  t 
oV/« 

8  Inile 

27 . 1 035 

54.2 

11  .0 

-72.1 

-6.9 

0.5 

0 . 0 

54.2069 

25.3 

13.1 

-72. 1 

-33.7 

0.0 

10.0 

81 .3104 

39.9 

8.7 

-72.1 

-23.5 

0.1 

10 . 0 

108.4138 

66.1 

11.8 

-72.1 

5.9 

2.0 

10.0 

135.5173 

47.2 

12.2 

-72.1 

-12.7 

0.2 

10 . 0 

16?. 6208 

45.1 

19.3 

-72.1 

-7.7 

0.4 

10.0 

189.7242 

43.3 

18.4 

-72.1 

-10.4 

0.3 

10.0 

216.8277 

47.3 

16.7 

-72.1 

-8.0 

0.4 

10.0 

243.9311 

46 . 6 

17.0 

-72.1 

-8.5 

0.4 

10  .  0 

271 . 0346 

29.1 

17.3 

-72.1 

-25.7 

0.1 

10.0 

rir.’  f»2(u 

1.1  JTr  CLfTTPONTC  f  WRTNf  Fk’ JNC  Cd. 

HA  FA  PiM;r 

TFr:T  :  FfT  PART  1  ftP  JNDHSTRTAI  KFA7  INF.  FOUJPrtl  M 

MAMUFAn  niRFR  : 

MODEL  «  :  B 

S/N  :  PROTOTYPE 

DATE  TESTED  ;  NOVEMBER  11,  1983 


Test  Distance  :  7S  ft.  Azinuth  :  260  degrees 

Corrections  based  on  a  field  decay  exponent  of  1.9M 


Freq . 

MHz 

Mtr  Rdg 

dBuV 

An  t . 
f  ac  . 
HB 

Dist . 
corr 
dB 

Total 
dPoV/n 
ff  leile 

Total 

oV/rt 

8  Inile 

LiMxt 

oV/rt 

8  Imile 

27.1078 

52.9 

11.0 

-72.1 

-8.2 

0.4 

0.0 

54.21S5 

27.0 

13.1 

-72.1 

-32.0 

0.0 

10.0 

81 .3233 

36.6 

8.7 

-72.1 

-26.0 

0.0 

10 . 0 

108.431 1 

6.5.5 

11.8 

-72.1 

5.3 

1.8 

10 . 0 

135.5389 

40.3 

12.2 

-72.1 

-11 .6 

0.3 

10.0 

162.6466 

47.6 

19.3 

-72.1 

-5.2 

0.6 

10.0 

189.7544 

40.1 

18.4 

-72.1 

-13.6 

0.2 

10 . 0 

216.8622 

40 . 1 

16.7 

-72.1 

-15.2 

0.2 

10.0 

243.9699 

49.1 

17.0 

-72.1 

-6 , 0 

0.5 

10.0 

271.0777 

34.8 

17.3 

-72.1 

-20.0 

0.1 

10.0 

checked 
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cm  nr’Qi 

Fiiir  Elt  r.TRONir  |-Nr:TNFFRTNf;  CM, 
DATA  FAFC 


TEST 

MANUF  AC  fllRCR 
MCtnEL  ♦ 

S/N 

DATE  TESTED 


rcc  PAPT  ion  INniir.TRTAI  IUATTNC  FOUIPMI  NT 

B 

PROTOTYPE 
NOVEMBER  11 »  1983 


Test  Distance  :  f t .  Azinuth  :  2B0  degrees 

Corrections  based  on  a  field  decay  exponent  of  1.95 


Freq . 

MHz 

Mtr  Rdg 

dBuV 

Ant . 
fac. 
dB 

Dist . 
corr 
dB 

Total 

dBuV/n 

8  Inile 

Total 

uV/« 

»  Inile 

Lir>tit 

oV/rt 

S  Inil 

27.1033 

38.8 

11  .  0 

-72.1 

-22.3 

0.1 

0 . 0 

54.2076 

25.0 

13.1 

-72.1 

-34.0 

0.0 

10.0 

81 .3114 

28.7 

8.7 

-72.1 

-34.7 

0.0 

10.0 

108.4152 

65.6 

11  .8 

-72.1 

5.4 

1  .9 

10.0 

135.5190 

48.8 

12.2 

-72.1 

-11  .  t 

0.3 

10.0 

162.6227 

47.6 

19.3 

-72.1 

-5.2 

0.6 

10.0 

189.7265 

45.3 

18.4 

-72. 1 

-8.4 

0.4 

10 . 0 

216.8303 

42.3 

16.7 

-72.1 

-13.0 

0.2 

243.9341 

48.9 

17.0 

-72.1 

-6.2 

a.ts 

10.0 

271 . 0379 

29.7 

17.3 

-72.1 

-25.1 

0.1 

10.0 

checked  by: 
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nr-  npoi 

Gi  iTr  ei.f  r.TPnw  rc  r  rinh  rn. 

DATA  |■>A<;r 

irsT  :  rr.r  part  i8D  iNniir.Tp:i ai  iirATTNC  FOtnpMrNT 

MANIJFArTIJRFii  : 

HODFL  ♦  :  ® 

S/N  :  PROTOTYPE 

DATE  TESTED  ;  NOVEMBER  11,  1983 

Test  Distance  ;  75  ft.  Azinuth  ;  300  eleqr#»es 

Corrections  based  on  a  field  decay  exponent  of  1.95 


Freq . 

MHz 

Mtr  Rdq 

dBuV 

Ant . 
fac. 
dB 

Dist . 

corr 

dB 

Total 

dBuV/n 

8  Inile 

Total 

uV/w 

P  lrtilf» 

LiMit 

uV/« 

8  Imile 

27.0994 

35.9 

11 . 0 

-72.1 

-25.2 

0.1 

0  .  0 

S4. 1989 

26.7 

13.1 

-72.1 

-32.3 

0.0 

10.0 

81 .2983 

30.4 

8.6 

-72.1 

-33.0 

0.0 

10.0 

1 08 . 3978 

65.5 

11.8 

-72.1 

5.3 

1  .8 

10.0 

135.4972 

45.. 2 

12.2 

-72.1 

-14.7 

0.2 

10.0 

162.5967 

47.4 

19.3 

-72.1 

-5.4 

0.5 

10,0 

189.6961 

42.1 

1R.4 

-72.1 

-11.6 

0.3 

10.0 

216.7955 

44 . 0 

16.7 

-72.1 

-11  .3 

0.3 

10,0 

243.8950 

49.0 

17.0 

-72.1 

-6.1 

0.5 

10.0 

270.9944 

34.2 

17.3 

-72.1 

-20.6 

0.1 

10.0 
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rher. k»d  bw 


nr  firm 

tf:i  JTF  Ei.rrTiinNjc  ENMNiTRiMr.  rn. 

HAT  A  f*Af;C 

TEF.T  :  FCn  PART  IP.U  INnimpTAI  lirATlNR  FOl.i  rrMF^•r 

{iANIlFArTURTR  i 

MOnEL  ♦  :  B 

n/N  s  PROTOTYPE 

DATE  TESTED  !  NOUEMBER  11,  1983 


Test  Distance  :  73  ft.  Axi/iuth  t  3S0  deQrees 

Corrections  besed  on  a  field  decay  exponent  of  1.95 


Freq . 

MHt 

Mtr  Rdq 

dBuV 

Ant . 
fac. 
dB 

Dist . 
corr 
dB 

Total 
dBuU/n 
^  Inile 

Total 

uV/n 

S  Inile 

Linit 
oW/n 
e  Inile 

27.1115 

47.9 

11.0 

-72.1 

-13.2 

0.2 

0 . 0 

54 . 2231 

29.2 

13.1 

-72.1 

.-29.8 

0.0 

10.0 

81 .3346 

34.9 

8.7 

-72.1 

-28.5 

0.0 

10.0 

108.4462 

67.1 

11.8 

-72.1 

6.9 

2.2 

10.0 

1 .35 . 5577 

45.2 

12.2 

-72.1 

-14.7 

0.2 

10 . 0 

162.6692 

53 . 0 

19.3 

-72.1 

0.2 

1  .0 

10.0 

189.7308 

32.1 

13.4 

-72.1 

-21.6 

0.1 

10.0 

216.8923 

40.7 

16.7 

-72.1 

-14.6 

0.2 

10 . 0 

244.0039 

39.9 

17.0 

-72.1 

-15.2 

0.2 

10.0 

271.1154 

42.3 

17.3 

-72.1 

-12.0 

0.3 

10.0 

i 


rrr  spm 

FI  rrr  ELmRONir.  rNr-;TNrrPTwn  ro. 

DATA  :‘AIT 

Trr.T  ;  rcn  fart  inn  iNmintRiAi.  hfattng  foiiipmf kt 

MANijFAnTlIRFR  : 

MODEL  ♦  :  B 

S/N  ;  PROTOTYPE 

DATE  TEF.TED  i  NOVEMBER  11,  1983 

Test  Distance  ;  73  ft.  Aziwuth  s  340  degrees 

Corrections  based  on  a  field  decay  exponent  of  1.93 


Freq . 

MHz 

Mtr  Rdg 

dBuV 

Ant . 
fac . 
dB 

Dist . 
corr 
dB 

Total 

dBuV/ft 

8  tnile 

Total 

0V/« 

8  leile 

Liisi  t 
uV/« 

8  Inti 

27.0997 

53.1 

11.0 

-72.1 

-8.0 

0.4 

0 . 0 

54.1995 

30.3 

13.1 

-72.1 

-28.7 

0.0 

10 . 0 

81 .2992 

39.5 

8.6 

-72.1 

-23.9 

0.1 

10 . 0 

108.3990 

69.6 

11  .8 

-72.1 

9.4 

2.9 

10.0 

135.4987 

52.7 

12.2 

-72.1 

-7.2 

0.4 

10.0 

162.5985 

54.9 

19.3 

-72.1 

2.1 

1.3 

10.0 

189,6982 

45.7 

18.4 

-72.1 

-8,0 

0.4 

10 . 0 

216.7979 

40.4 

16.7 

-72.1 

-14.9 

0.2 

10.0 

243.8977 

36.6 

17.0 

-72.1 

-18.5 

0,1 

10.0 

270.9974 

41.1 

17.3 

-72,1 

-13.7 

0.2 

10.0 

GROUND  RF  FIELD  MEASUREMENTS  -  MACHINE  C 
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Figure  B-7.  Mochfne  C  Ground  Determined  Decoy  Exponent 
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Figure  B-9 .  Machine  C  Field  Intensity  vs .  Frequency 
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27.6 

17.3 

-55.4 

-10.6 

0.3 

10,0  • 

r  ;  I  T  I- , ; .  f'f*  .  .  fj;  .  i,i i , 

f .  I  o  .  *  *  •  •  • 


•  I  ’  .  I  ;  lit  f*.  !’■  ?  I  • » ;  /  i  ( V- 1  •  i  ,  I  U’  •  ,  t  •  i  f'l  •  1  |V  i  '•  I  t  ‘ 

HAW.  i.  r‘-  i  U,^  ..  . 

hoix  L  ♦  ;  C 

:,/N  :  f»;?OrOT^l>£ 

DATE  TEr.lf  D  :  OCTOFiER  17.»  )9r.7. 

ri»sT  Di<5t-»n*':rt  J  200  ft.  A7*.««»th  ;  HO  de^re^s 

Corrections  based  on  a  field  decay  exponent  of  1 . 9t< 


Er  e«i . 

Mtr  !<r|Q 

An  t . 

Otst . 

Total 

Total 

L  i  M 1 1 

f  ac  . 

c  orr 

dnuV/« 

oV/« 

oV/« 

Hllz 

no 

•  ID 

leiTe 

P  leile 

6  1 »')  X 1  e 

27.1703 

.12 .  .6 

11.0 

-55 . 4 

-11.0 

0.3 

0.0 

54.3565 

14.9 

13.0 

-55.4 

-27 . 5 

0 . 0 

10.0 

01 .5340 

24 . 6 

0,7 

-55.4 

"22 . 2 

0.1 

10.0 

I0f:.7l30 

24.6 

11.9 

-55 . 4 

“19.0 

0.1 

10.0 

11.5.0?  13 

27.  \ 

12.1 

•5.5,4 

•16. 1 

0.2 

10,0 

163.0695 

20.3 

19.4 

-55.4 

•  15.0 

0.2 

10.0 

1 ?0 . 2470 

1  ? .  ? 

1 !  { .  1 

-55 . 4 

-•17, 2 

0.1 

10.0 

217.4260 

42.4 

16.7 

-55 . 4 

3.7 

1  .5 

10.0 

244.604.1 

2'3 . 6 

17.0 

-55 . 4 

12.0 

0.2 

10.0 

271.7826 

30.8 

17.3 

-55 . 4 

•  7.4 

0,4 

10.0 

-V  .  :  nr;  >f;T)  -JNnunfiv./  i. 

I'lK,  ii  I.  Ai .  i  I  !!<  >  '4  ; 

rtnm'L  ♦  :  ^ 

:,/N  :  PROTOTYPE, 

DATL"  TEPTHD  ;  OCTOBrR  13,  1903 


r<!?*iT  T>t>>T4nc<»  :  V*.00  Ft.  AriMUth  :  100  tieqrt^yes 

Corrections  based  on  e  field  deray  exponent  of  1.9h 


Treq  . 

hUz 

Mtr  Rdq 

.lOwW 

An  t . 
fee  . 
dO 

Oist  . 

corn 

rtO 

Total 

dP.uV/« 

1  n  >  l.  e 

1  0  tal 

iiU.'m 

'•  ?  Iml  p> 

Lii-u  t 
»t9/x, 
e  iHile 

07.1010 

34.1 

11.0 

-’55 . 4 

-10  ..3 

0.  '5 

0  ,  fl 

5-4 . 3637 

13.7 

13.0 

-55.4 

'28.0 

0.0 

10.0 

01  ..54.*55 

27.7 

0.7 

-55 . 4 

-19. 1 

0.1 

10.0 

100.7273 

20.6 

11.9 

-55 . 4 

•  1 5 .  n 

0,2 

10,0 

I3r.  .7092 

27 . 7 

12.3 

55 . 4 

-15.5 

0 . 2 

10.0 

163.0910 

40.6 

19.4 

-55 . 4 

4.6 

1  ,7 

1  n .  0 

17(1  .a7r!.7 

20.4 

18.3 

•55 .  A 

n.7 

0 . 4 

10.0 

217.4547 

32 . 9 

16.7 

-55.4 

-  5.Ff 

0.5 

10,0 

r.44 . 6.3/.5 

20 . 7 

17.0 

•55 . 4 

••9.5 

0.3 

10.0 

271 .8103 

38.0 

17.3 

-55.4 

•  0.2 

1  .  0 

10.0 

!  i'l  . 


i  i  i''  r  ,'.i,  ,'i-JI  I  1  * . . 

i i*-4  *  1-^  •  *  I 


, 

■  :  A!.  1 

•  1  U  ,i  A*  -•  i-i 

.  j.i  i.J!  '!  1' 

i.:  (4 

J‘W>  ••  M 

f...  1  ..r  .  U 

Mt  Oj!  L 

* 

C 

:./N 

• 

1‘RQTQTYFE 

DA  I  f 

TEm  LD  : 

Or.TOUfR  13,  1983 

r.»^t 

Oist.^nr.e 

;  200  ft 

.  A/.iMUth  :  120 

degrees 

Corrections  besed  on  a 

field  decay  exponent  of  l,9r» 

F;  *=*0  . 

Mtr  8<ig 

Ant . 

Oi*t , 

Total 

Total 

L  i  n  i  t 

f  ac  . 

corr 

dnuV/M 

OU/M 

iiU/m 

M;ir 

rlOiiV 

dD 

t\H 

H  Inile 

6  Inxle 

e  1 M  t. 

P.7. 

32.4 

11.0 

-.55 . 4 

-12.0 

0 .  P. 

0 . 0 

5^.7647 

13.5 

13.0 

-55.4 

-?9 .  b 

0.0 

10.0 

31 . 0 

8.7 

-5S .  4 

-15.8 

0.2 

in  .0 

1  Of'.  .7293 

pn.b 

11.9 

-55 . 4 

-15.0 

0.2 

10.0 

T  .'.>11 

P.h  .  7 

1 2 . 3 

-5.5 . 4 

-16.5 

0 , 2 

10.0 

.  0940 

4(^.7 

19.4 

-55 . 4 

10.7 

3.4 

10.0 

19l»  ,  2V7*.,. 

34.7 

1>».3 

-55 . 4 

•2.4 

o.n 

10.0 

2r/.458f. 

43.0 

16,7 

-55.4 

4.. 3 

1 .6 

10,0 

0 

P.P. .  9 

17.0 

-55 . 4 

-15.. 5 

0.2 

10.0 

?71 .8233 

37.6 

17.3 

-55.4 

-0.6 

0.9 

10.0 

;  ■  1^  I  :  .  ’  ril  J  I  “  i‘  j>if«  .1  Ni  I  I*  '  Ni  .  III! 

•  r-^  Ai-i  liin  ■■  •■fill  i.a.  iwr  r(iiiT:'!i 

iiAtM:  «r;  I  m;.':  . 

Mnnn  ♦  ;  ^ 

:l/N  :  PROTOTYPE 

DATF  TESTED  !  Or.TOF«rR  13,  19B3 

T*»«it  Dist;»nr*»  :  200  Ft.  AriMuth  :  140  degrees 

Corr*ctionft  bA$rd  on  a  fi»ld  d«>CAy  exponent  of  1.9^ 


Freq  . 

Mir  Rdy 

Ant . 

Dl^t  . 

Total 

Total 

Lii-n.  t 

fac  . 

corn 

dBuV/M 

oV/m 

UU/M 

Mi  1  /. 

•lAijU 

dO 

dO 

f»  iMi  le 

B  iMile 

e  iMile 

27.1061 

32 . 5 

11.0 

-55 . 4 

-11 .9 

0.3 

0 . 0 

54.3722 

13.5 

13.0 

“55 . 4 

-29.0 

0 . 0 

10.0 

St .5502 

31 .5 

S.  7 

•55.4 

-15.3 

0.2 

10.0 

ion. 7443 

29 . 2 

11.9 

-55 . 4 

-14.4 

0.2 

10.0 

135.9304 

.31  ..n 

12.. 3 

•55 . 4 

-11 .4 

0.3 

10 .  n 

163.11  6.5 

46 . 1 

19.4 

-55.4 

10.1 

3.2 

10.0 

170.3025 

33.7 

1,3.3 

-55 . 4 

-3,4 

0.7 

10.0 

217.4886 

41  .5 

16.7 

-5.5.4 

r.B 

1  .A 

10.0 

?>44 . 6947 

25.4 

17.0 

•53 . 4 

10. n 

0.3 

in ,  0 

271.8608 

37.0 

17.3 

-55 . 4 

-1  .2 

0.9 

10.0 

.  .  .  r'-l.  I  ;  t 

1 1  .  • .  I  ' 

.  ',1  i:.i  'ft,.:  ■  i  I’.li rM 

nimr.'.  ♦  :  C 

r,/N  !  PROTQT  fPE; 

DATE  TEr.TF  D  :  OCTnFM'R  17.,  170?C 


Di«iT«nc;.?  :  POO  Ft.  A^iMUTh  ;  lAO  de9r**>*s 
Corrections  ba«ed  on  «  field  aetay  exponent  of  1.95 


;‘r  e'l  . 

Mtr  Rdi-j 

An  r . 

Di«it . 

T.ita  1 

Total 

LiMi  t 

far  . 

corr 

dPuC/M 

oV/m 

uV/r 

i 

rlOoU 

d!'! 

rtO 

<  n  i  L  e 

P  Iwile 

6  iMtle 

P.7 . 1  7P./> 

31.7 

11  .0 

-55 . 4 

“12.7  0.2 

n .  0 

S4.3851 

14.5 

13.0 

-55.4 

-20.0 

0.0 

10 . 0 

nt .3777 

.10.4 

0.7 

•55 . 4 

-16.4 

0.2 

in .  0 

1  Of:.  7702 

27,4 

11  .9 

-55 . 4 

-16.2 

0.2 

10.0 

( .1.') .  •:;>.',P!  5 

32  . 

12.3 

55.4 

n  .3 

0 . 3 

10.0 

1  63 . 1 5.33 

46.5 

19.4 

•  55.4 

10.5 

3.3 

10.0 

t‘>i)  .  3477 

27 . 7 

10.3 

55,4 

7.3 

0 . 4 

10.0 

217.5404 

43.5 

16.7 

-55 . 4 

4.0 

1  .7 

10.0 

244.7.i30 

31  .7 

17,0 

-55 . 4 

*3.7 

0 . 3 

10  .0 

271 .9255 

32.  fi 

17.3 

-55.4 

-5.4 

0.5 

10.0 

I  ...  t  .  T'-ri:.  H  :  r;i  ;  !•  ' 

I  "ii*. 


I'lMt'-  •  !•  Al  T  •  ''ir  •  •^ 

nrvoi  L  ♦ 

:i/t» 

DATE  TEPITD 


Test  Di«>t^nr.»  :  P.QO  Ft.  Aziwwth  »  IH!)  degrt^^es 
Corrections  based  on  a  field  decay  exponent  of  l.'/ti 


rrni{  . 

hrr  Rdij 

An  t . 

0  ist . 

Total 

Tota  1 

L  i  rt  i  t 

fac  . 

corr 

dBuV/« 

uV/n 

uV/{., 

Mlir 

rtOuU 

dB 

dD 

i»  Inile 

1®  iMile 

@  1 M  i".  1  e 

r;7. 1742 

32 .  .5 

11.0 

•5.5.4 

•11.7 

0.3 

0  .  0 

54.3834 

14.4 

13.0 

-55.4 

-28.1 

0.0 

10.0 

8  1  .  5il2/> 

30 . 1 

Q.7 

-55 . 4 

-16.7 

0.1 

10,0 

100.7768 

27.2 

11.9 

-55 . 4 

-16.4 

0  .? 

10.0 

135.771  a 

.10 .7 

12..1 

•55 . 4 

-12.4 

0 . 2 

10  .  0 

163.1652 

Af\ 

•  4. 

19.4 

-55.4 

12.2 

4 . 1 

10.0 

170  ..3574 

2.5 .  .1 

1 1 .  .1 

55.4 

-11.7 

0.3 

10.0 

217.5536 

45.3 

16.7 

-55 . 4 

6.6 

2.1 

10.0 

244 . 7477 

.11 

17.0 

5.5.4 

-6.8 

0.5 

10.0 

271 .9421 

29.9 

17.3 

-55 . 4 

-0.3 

0.4 

10.0 

,  *  n  l  ■  ! '  A  '  .1  J I  i )  .1  iv  1 1 1  i , .  1 1 '  .1  i t  M  I  •  !  1 .1- ,  1  1 '  r  I i'v 

C 

:  1’fiOlOTYr‘E: 

:  OCTOBER  13,  1987. 


he.- 

-134- 


i-  •  *  \  y  '  r  .  i ,  I  .  :v?  'V  I  ..  .  . 

,  ,  .  A  .  — a  ’ 

.  I  ^  •  r  ■  j  !  Ai'" »  i  -  i-i .  i .  •  I  I  1  t  t-*  T  ]!  f\  f*.  I  <•* i  i ..  i  .'  .1  ' j  i 

Ti Ai-' *  At ,  I '•  ITv.  U  ; 

hnjn'L  *  ;  C 

;,/N  :  J-ROTOrYPe 

DAIC  TEG1FD  :  OCTOPPR  13,  lVn3 

Tf»st  Dlstanc*?  :  i?on  Ft.  Atii-iMth  j  200  degr^?es 
Corrections  based  on  a  field  decay  exponent  of  1  .9b 


Freq  . 

M  r  r  R  ii  rj 

An  t  . 
fac  . 

Dist 

corr 

fi:  1 7. 

li  TjtiV; 

dO 

.10 

■  **  —  — 

P.7 . 1  QH:) 

26 . :: 

11.0 

-.55 . 4 

54.3776 

14.1 

13.0 

-55 . 4 

31 . 56/i4 

27  .  .6 

n.7 

55 .  A 

tor:.  755  2 

26.3 

11  .9 

~5b .  4 

135  .  '7440 

.10 .4 

12.3 

55 . 4 

1  /.b  .  1 320 

42 , 4 

19.4 

”55 . 4 

170.3216 

;?u .  7 

18.3 

55 . 4 

217.5104 

41  .2 

16.7 

-•55 . 4 

244 . 697.? 

27 . 7 

17.0 

•55 . 4 

271 .882.(1 

36.4 

17.3 

-55.4 

Total. 

Total 

LiMi  t 

dr!»iy/« 

oV/« 

uV/m 

HI  Ini  le 

P  iMile 

S  1  i-i  Lie 

-17.6 

0.1 

0,0 

-20.4 

0 . 0 

10.0 

-17.2 

0,1 

10.0 

-17.3 

0  . 1 

10.0 

12,  n 

0 . ;  ‘ 

10.0 

6.4 

2.1 

10.0 

R.  1 

0 . 4 

10.0 

2.5 

1 .3 

10.0 

•8.7 

0 . 4 

10 . 0 

-1.0 

0.0 

10  .  0 

he'-  K  •‘..■i 

-135- 


■  !  ;A  ;  N  |  . 

1*,.. ,  r  i: . 

cuif)l-.l  ♦  :  C 

•../N  :  r^ROTGrrpfc 

Dftir  TESirD  !  nCTOHCR  13,  1983 


:  ^00  Pt.  AzTrtwTh  ;  2^20  degr(?es 

Corrections  b<*sed  on  a  -Pield  decay  exponent  of  1.9^ 


Mrr 

Ant  . 

Otst . 

Tot-)  1. 

T  0 1  a  1, 

L  i  i')  i  t 

Pac  . 

corr 

dPuiV/M 

OV/M 

u  V/m 

Ml  i  •*; 

fiA.jy 

.iQ 

dD 

1  e  1  T  e 

f>  iMiJn 

e  1  f)  i  1  e 

27 

1  ?2/> 

27 

.4 

1 1 .  n 

“55 . 4 

17 

0 

0. 

1 

0 

0 

54 

3853 

14 

.  1 

13.0 

-55.4 

••28 

4 

0  . 

0 

10 

0 

81 

5779 

30 

.3 

8.7 

-55.4 

“l/> 

.5 

0. 

2 

10 

0 

lor: 

7705 

?i. 

.  1 

11.9 

-55 . 4 

“17 

5 

0  . 

1 

1  0 

0 

13:-. 

7^1. > 

32 

.  1 

12.3 

•55.4 

-11 

0 

0  . 

3 

1  n 

0 

i<;.3 

1558 

41 

.9 

19.4 

"55.4 

5 

t 

O 

t  t 

n 

1  0 

0 

1  7 1) 

3-185 

27 

.  •'> 

18.3 

•55 . 4 

■7. 

.'> 

0. 

4 

in 

0 

2  !  7 

541 1 

35 

.4 

16.7 

-55 . 4 

•  3 

3 

0  . 

7 

10 

0 

244 

■/337 

27 

.  1 

17.0 

-55.4 

•It 

3 

0  . 

.1 

1  0 

0 

271 

92(>A 

32 

.  0 

17.3 

-55.4 

~  f, 

2 

0  . 

5 

10 

0 

r.hfikf 
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.  .  . 

:  1 ; ; .  1  .  c:  t4, ' 

.  *  1  |«*  t  •'ei  lit  -1  , 

.  . 

I  >  1  4  1  t  i 

►■‘(I  i  1  ii<  •  i< 

MluitL 

* 

c 

•i/N 

; 

r’RoroT  Y 

\h: 

DATE 

TEfiVfD  : 

omnitrs 

13,  1983 

Test 

D  i  s  r n  r  p 

;  non 

ft.  Az i 

iiurh  i  24  0 

degrees 

Correction?  bxsed  on 

a  field  decay  exponen 

of  1.95 

Freq  . 

M  T  r  S  ci  1] 

An  T  . 

Dr  ST . 

Total. 

Total 

L  i  .-1  i  t 

f ac  . 

corn 

dr.i'7/M 

o7/(s 

u  7  /  ('i 

MHz 

ilTi 

i1T< 

A  1  .r  1  1,  p 

i»  Imilp 

e  1  i  1  e 

n? 

.2012 

3.'. .  7 

11.0 

.  4 

-7.7 

0 . 4 

0  ,  0 

54 

.  4024 

12.6 

13.0 

-55.4 

-29.9 

0 . 0 

1  n ,  0 

ill 

.6n3.s 

27 . 7 

n  .7 

-55 . 4 

-16,9 

0  .  1 

m ,  0 

IOC: 

.8048 

28.0 

11.9 

-55 . 4 

-15.6 

0 . 2 

1  n .  0 

t  ;■?/. 

.  On.MJ 

.11  .  .5 

12,3 

•55. 4 

•11 .6 

0.3 

1  n .  0 

1  s.-’, 

.2072 

43.7 

19.4 

-55.4 

7.7 

2 . 4 

1 0 . 0 

170 

.  40:’.4 

2.'> .  2 

1  ii .  .1 

•55 . 4 

-11.0 

0  ,  .1 

:  c .  0 

217 

.607.^ 

44.8 

16.7 

-55.4 

6.  1 

2.0 

1  n .  0 

244 

,  81  08 

24  .  .3 

17.0 

•55.4 

-14  .  1 

0.2 

m .  0 

272 

.0120 

32.1 

17.3 

-55.4 

-6 . 1 

0.5 

10.0 

•i**”  U  ®  I  j 
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nCO>KL  ♦  :  C 

s/N  j  i‘RnrO(Y;^E 

DAir  TEJT.TFD  i  ncinm-K  13,  19B3 

r<ast  Dist^nre  :  POD  ft.  AzlMoth  i  2M)  degr*^es 
Corrections  based  on  a  -rjeld  decay  exponent  of  I.??! 


rreg.  Htr  R»lq  Ant,  Dist.  Total.  Total  Lifoit 

f ac  .  corn  dTiuV/M  uU/m  uy/(-. 


rti  i  z 

fllloy 

fill 

.ifi 

(?  1  mi  l.e 

R  Iwil  f.’ 

S  Ir-  i 

P.7 . 1  y34 

.37  .  .5 

11  .  0 

“55 , 4 

-6.9 

0,4 

0  .  0 

54.3467 

12.0 

13.0 

-55 . 4 

-30.4 

0 . 0 

10,0 

ai  .  iZP.l]  ] 

29.1 

0.7 

•55 . 4 

-17.7 

0.  1 

10,0 

I0i:.6935 

27.7 

11.9 

“55 . 4 

-15.9 

0.2 

10.0 

1  Ti  .  .'{/./jn 

30 . 0 

12.3 

-55 . 4 

•13.2 

0,2 

10.0 

16?. .  04  02 

30.9 

19.4 

-  55 . 4 

2.8 

1 . 4 

1 0 .  n 

17(1  1.35 

17.0 

i;i..3 

••53 . 4 

•20 . 1 

0  .  i 

10,0 

217 .3869 

43.3 

16.7 

-55.4 

4.6 

1 ,7 

10.0 

?>44 . 5A03 

2:5 .  4 

17.0 

53 . 4 

-13.0 

0.2 

10.0 

?7l .7336 

34.7 

17.3 

-•  55 . 4 

-3.5 

0.7 

10,0 

-138- 
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r "  .  ,  i  .  ; .  I'm;,  t  r ;  ;;>  i  ^ |  :  ,-j.  ■  *...  .  r  f.  i . 

I'l i-» i'  -  ‘  ■  A* .  •  •  ^  \  I  V  ; 

Ml  till- L  ^  :  C 

5;/N  ;  :‘ROTnTYPE 

DATE  TEiMED  :  ClCIODrR  1 9£i3 


Fpst 

0  >  s  T  a  n  r:  p  : 

2011  ft 

.  AztmutIi  :  280 

degr  BPS 

C  0  r  r 

ecTi ons  baped 

on  a 

f  j  el  d 

dpcay  exponpnt  of  1 . 9f 

l-rK-'i  . 

M  t  r  W 1 1 1] 

An  t  . 

l)i  r 

.  T  0 1  -t  1. 

r  0  T  a  1. 

L 1  i  -i  i  T 

f  ac  . 

c  I'f-r 

dEuU/M 

U<J/  M 

u9/m 

Mil- 

dliij9 

nri 

■18 

8  1 «  i  1.  p 

8  iMilP 

&  1  M  -i  1 

P.7 . 1709 

37 . 1 

11.0 

-55 . 4 

-7,.l 

0.4 

n  .  0 

54.3419 

13.5 

13.0 

-55.4 

-28.  V 

0  .  0 

10.0 

81  .MU?7 

28 . 4 

8.7 

-5.5 . 4 

-18,4 

0.  1 

10.0 

10R.683A 

28. 1 

11 .9 

-  55 . 4 

-15.5 

0.2 

10.0 

1 .3.“j  .  }i:=,4.S 

1  7 , 2 

12.3 

•55.4 

-26 . 0 

0  .  1 

10.0 

163 . 0255 

3?  .  0 

19.4 

-55 . 4 

-4.1 

0.6 

10.0 

19  0  .  IV. -.4 

2  4 . 2 

18.3 

•55.4 

•12.V 

0.8 

10.0 

217.3673 

39 . 1 

16.7 

-  55 . 4 

-0.6 

0.9 

10.0 

244 , 5382 

1  V  .  5 

17.0 

-53 . 4 

- 1 B  .  y 

0.  1 

10,0 

271 .70V1 

26 . 6 

17.3 

-55 . 4 

-9.6 

0.3 

10.0 

-139 


r  i\  @1  l<  i.^l  1  i  i  y  , 


n  > 


f  I  i  i .  . .  !'  .-.i.. 

ii.',  • .V- 


r:-.:  ri'-  >  H\:  r.tn 

i-ii'if i!  :  I  li<’  ■ 

MnULL  ♦  :  ^ 

n/ri  :  !‘R0T0TYPE 

DATE  TEr.lXD  :  OCTOIXM  13>  1903 


.V  , 


Test  Dist-^nre  :  200  Ft.  Arinuth  :  300  degr^?<?s 

Corrections  OAsed  on  a  field  decay  exponent  of  1.95 


Freq  . 

M  t  r  W  <1  g 

An  t  . 

Total 

fotal 

L  i  .'•i  i  t 

fac  . 

corn 

dHuU/M 

oO/m 

uy/M 

MM  7 

do 

(18 

P  thi  l.e 

P  l<*iile 

8  1 M  i 

29.1691 

38 . 7 

It  .  0 

-55 . 4 

-5.7 

0.5 

0  .  0 

54.3383 

15.3 

13.0 

>•55 . 4 

.  -27.1 

0 . 0 

1  n .  0 

81 .5074 

29.1 

8.7 

-55 . 4 

-17.7 

0.1 

10.0 

108.6765 

29.3 

11.9 

-55 . 4 

-14.3 

0.2 

10.0 

1 35 . 8457 

17.1 

12.3 

-.55 . 4 

-26 . 1 

0.  It 

10.0 

163.014?. 

31.8 

19.4 

-55.4 

-4.3 

0.6 

10.0 

190 . 1840 

24 . 6 

1  r» .  3 

-55 . 4 

-12.. 5 

0.2 

10.0 

217.3531 

42 . 1 

16.7 

-55 , 4 

3.4 

1  .5 

10.0 

244.5222 

p.r, .  3 

17.0 

-55 . 4 

-13.1 

0.2 

10.0 

271 .6914 

24.6 

17.3 

-55.4 

-13.6 

0.2 

10.0 

rher  k  *•*! 
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M  . 


V.  •. 


^  T  •  •  *  .  i*> 

r.  I  n.  *  « /  »• 

t  .x  *  -  *  i'-'O:#  *.  r  I  'kM:;;:  Jg;  I 

i  A  •  |r4* 


:  1  .  f  :  t  I*  AK  I  i  •  lO  1  ivTil  n*  1  A'  \'*'*  -f  f  •  t  i 

HAf)**.  l<  i 

hani  L  ♦  :  C 

H/N  ;  PROTOTYPE 

DATE  TESTED  :  OCTOBER  13,  1983 


Te<>t  Dist^ncf?  :  300  ft.  AzlMuth  ;  330  degrees 

Corrections  based  on  a  field  decay  exponent  of  1 . 9f< 


rreq  , 

M  t  r  R  d  <j 

An  t . 

Oist . 

Total. 

Total 

Lii'*!  t 

f  ac  . 

corr 

dBuO/« 

uV/m 

uV/m 

MHr 

dTti»y 

dO 

•10 

A  Irtile 

e  Inile 

S  1 M  i.  1  e 

2-7.1710 

40.3 

11  .  0 

-55 . 4 

-4. 1 

0.7> 

0  .  0 

54.3421 

16.3 

13.0 

-55 . 4 

-26.1 

0.0 

10.0 

81  ..ilTl 

31 .9 

8.7 

•53 . 4 

-14.9 

0.2 

10.0 

IOC. 6842 

78.6 

11.9 

-55 . 4 

-15.0 

0.2 

10.0 

135.05:12 

25.4 

12.3 

-.5.5.4 

-17.0 

0.1 

10.0 

163.0263 

41  .7 

19.4 

-55 . 4 

5.6 

1 .9 

10,0 

19U  .19-7.3 

22 . 0 

1  rj ,  3 

-55 . 4 

-15.1 

0.2 

10.0 

217.3684 

41  .4 

16.7 

-55 . 4 

2.7 

1  .4 

10.0 

244.5394 

20 . 1 

17.0 

-5S.4 

-1  0  .  .3 

0  ..3 

10.0 

271 .71 04 

33.5 

17.3 

-55.4 

-4.7 

0.6 

10.0 

rhe*:  Ked 
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fc.,  i 


( ird’'*  ii  f*!  •  t  I  lii  • 

rtonri.  # 

:i/N 

DA1C  TEtiVF.D 


i  i«i.  i!  'N;. 


!  II  I  I  till  1 1 ,  r  I  f. 


c 

PROTOTYPE 
OrTHErR  13,  1903 


Test  Oi«>Tanr<»  s  HOO  ff.  Ai:.i.*»uth  :  340  degr<»es 
Corrections  based  on  a  field  decay  exponent  of  1.9ti 


Fr«q  . 

Milt 

Mtr  Rdij 

iIOijU 

An  t . 
fac  . 
flO 

Oist . 

corr 

dO 

T  0  tai. 
dBiiV/e 
«  Ini  le 

Total 
oV/m 
f*  Inile 

Lima  t 
oV/k. 

6  1 « 1 1  e 

2-;  .  1751 

39.1 

11.0 

-55.4 

-5,3 

0 . 5 

0 . 0 

54.3503 

16.0 

13.0 

-55 . 4 

-26.4 

0.0 

10.0 

ai .5254 

33.3 

8.7 

-55 . 4 

-13.5 

0.2 

10 . 0 

100.7005 

29.1 

11  .9 

-55.4 

-14.5 

0.2 

1 3.5 . 0757 

20 . 0 

12.3 

-55.4 

-15.2 

0..2 

10.0 

163. 050B 

43.4 

19.4 

-55 . 4 

7.3 

2.3 

10,0 

191)  .2259 

27.9 

18.3 

-5.5 . 4 

-9.2 

0.3 

10.0 

217.4011 

43.6 

16.7 

-55 . 4 

4.9 

1  .n 

10.0 

244 . 57A;* 

26.0 

17.0 

-55 . 4 

-12.4 

0.2 

271 .75,13 

33.5 

17.3 

-55 . 4 

-4.7 

0.6 

10.0 

■-  en  JUiff  if  ^  .A.-O— e  «  *  I  ’  r 


GROUND  RF  FIELD  MEASUREMENTS  -  MACHINE  D 


ETi.- 

•  1  i .  i;,  I,  I  (  ■  I  R  ■  I  I  I'w  1 1  *  ^  I . 

ii.,  i~  : -.1  ► 


Tr.!  •  I  ;  I  f.!v  rM*-'  I  1  !•  N;)-  "•  '•  K  J  f**  •  -i  h  I  I  N<-.  I'  (iii  i ,  i  f.. ' 

^r.  nt.c  :<  ; 

nrint-L  •  :  D 

!>/N  :  PROTOTYPE 

DATE  TEr.lCD  :  OCTniif  K  13,  19P3 

Test  Distance  ;  HOO  ft.  Arifiiith  :  0  degrees 

Corrections  based  on  a  field  decay  exponent  of  1.9fi 


Preq  . 

Mtr  Rdg 

Ant . 

Hist . 

Total 

Total 

LiiMi  t 

f  ac  . 

corn 

dBuV/M 

uV/f-. 

oV/m 

MMz 

dftoO 

ilD 

d8 

3  Ini  l.e 

IS  Inile 

8  1 M  i.  1  e 

27 . 1 354 

.39 . 2 

11.0 

-55 . 4 

-5 . 2 

0 . 5 

0  .  0 

54.3707 

14.5 

13.0 

-55.4 

-28.0 

0 . 0 

10.0 

B1 .55&1 

31 . 0 

3.7 

-.55 . 4 

-15.3 

0.2 

10.0 

10r..7414 

2f.,7 

11  .9 

-55.4 

-16.9 

0 . 1 

10.0 

1  .ir. .  9i'f>n 

21  ./j 

12.3 

-55 . 4 

-21 

0  .  1 

10.0 

1121 

41  .8 

19.4 

-55 . 4 

5.8 

1  .9 

1(1 , 0 

190.2973 

28 . 0 

13.3 

-55 . 4 

9 . 1 

0..1 

10.0 

217.4820 

40.4 

16.7 

-55 . 4 

1  .7 

1 .2 

10.0 

244 .  />602 

17. 1 

17.0 

-55 . 4 

-21 .3 

0  .  1 

10.0 

271 .8535 

32.6 

17.3 

-55 . 4 

-5.6 

0.5 

10.0 

;:t.>  f 

:ri  t 

T  <niv:r 

f  f,'.,  i  r‘i  ;  1  TN.'.  1  :  i . 

i/A  I  A 

;  A'’  ■ 

ICM 

.  (  !‘.  ■  i  i  f;)i 

3NWir.-| 

R  ,i  At  1 1(  ft  T  i  Nt  •  t  t 

!-r'.!  N 

rtArJi'i  Ai' 

rlOnl  L  * 

D 

Yi/N 

f*ROrOTYPE 

DAir  TFPIFD 

nnoKFR  17.^ 

19P3 

OisTanci*  :  200  ft.  Arirtuth  :  20  degrees 

Corrections  based  on  a  field  decay  exponent  of  1.95 


Freq  . 

Mil  7 

Mtr  Rdij 

rlQiiU 

Ant . 
f  ac  . 
fiCi 

Dist . 

corr 

rtB 

Total 

dEuV/e 

leile 

Total 

uV/m 

IS  Inile 

Li«i  t 
uU/h 

6  1  i  1  e 

27 . 1 fl63 

39.9 

11.0 

-55 . 4 

“4.5 

0.6 

0 . 0 

S4.3726 

14.9 

■EKl 

-55.4 

-27.6 

0.0 

10.0 

81 .5538 

29.8 

8.7 

-55 . 4 

-17.0 

0.1 

10  .  0 

10fc:.7451 

22.8 

11.9 

•  55 . 4 

-20.8 

0.1 

10.0 

135.9314 

19.7 

12.3 

-■55.4 

-2.3 .  .5 

0  .  1 

10.0 

163.1177 

40.8 

19,4 

-55.4 

4.8 

1  .7 

10.0 

190.3040 

26 .  :> 

1  G .  3 

•55 . 4 

-10.9 

0.3 

10.0 

217.4902 

16.7 

-55 . 4 

1  .8 

1  .2 

lOtO 

244 .  />7/>5 

21 . 0 

17.0 

•55 . 4 

•17.4 

0.1 

10.0 

271 .8623 

29 . 6 

17.3 

-55.4 

-  C.6 

0.4 

10.0 

•:hei:  k*»rt 
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£T-  r..  \\ 

l:  iTi"  pli  f;T!?n^  r:  (  ,.■!.  ::n 

U .'  i  1  fi  •  A  f 

Ti^:.;  :  r'f;  fAi-:!  :ini;:.:;:ti.';i  a;  r:  ai  tn.'  r  t.'!i :  fjt 

flAiiiii  Af.  I  IJW..;/  : 

MODFL  t  :  D 

:i/N  :  PROTOTYPE 

DATE  TESTFD  ;  OCTOErR  13,  1933  , 

Distanci!  s  P.dO  ft.  Azimuth  s  40  degrees 
Corrections  b^sed  on  a  field  decay  exponent  of  1.9ti 

Kreq.  Mtr  Rdg  Ant.  Oist .  Total  Total  Li^it 

fac .  corr  dPuW/m  uV/m  oV/m 

Mllz  dBiiV  rtO  dE  S  Imile  (??  Inile  6  Imile 


.';7. 1743 

36.1 

11.0 

•55 . 4 

-8.3 

0.4 

0  .  0 

54.3487 

12.9 

13.0 

-55.4 

-29.5 

0.0 

10.0 

.81 .5230 

30.6 

8.7 

-5.5 . 4 

-16.2 

0.2 

10.0 

infi.6974 

17.2 

11.9 

-55 . 4 

-26.4 

0 . 0 

10.0 

135.3717 

16.9 

12.3 

-55.4 

-26.3 

0 . 0 

10.0 

If. 3. 0461 

42.0 

19.4 

-55.4 

5.9 

2.0 

10.0 

190.2204 

13. 6 

18.. 3 

-5.5 , 4 

•18.5 

0  .  1 

10.0 

217.3943 

41  .8 

16.7 

-55.4 

3.1 

1 .4 

10.0 

244.S691 

25.9 

17.0 

-55. 4 

-12.5 

0.2 

10  .  0 

271 .7435 

26.4 

17.3 

-55.4 

-11.8 

0,3 

10.0 

-U9 


'■her:k.»d  h  y  ! 


FT.V 

I  •  :i  1  r  fi,  l  r  Tr.-riiv :  i'-  ;■  (0(  ;  oi  r  '  n'  .  i  r. 

DJ*.  i  ^ 

•  r  » .  .  .  :  Hi  J  *  Ak  T  1  nD  J  Wi'>*  I-  ill*  I  A*  *  II  '  1  N*-*  1  1*1 1  t  i'  fv  ! 

1 1 Ai ■#*  ii  .  1 1  lU  •  U  ; 

hl-)»l  L  ♦  :  D 

:;/N  :  PROTOTYPE 

DATE  TESTED  :  OCTnp.FR  13,  1903 

Test  Distance  ;  200  ft.  Azinuth  :  BO  degrees 

Corrections  based  on  a  field  decay  exponent  of  1,9S 

Freq .  Mtr  Rilg  Ant.  Dist.  Total  Total  LiMit 

f  ac .  corr  dPoV/n  oV/n  uU/c'. 

MU/  dOuV  d8  dB  la  leile  S  Inilp  &  Iwile 


ETiv  r.'ii 

ll.!' i  Tyn?;  •  (  ii 

l/r*  •  r*.  »  *C. 

TE;.l  ;  lii  I  iNr/Ui.  I  W  ]  i-il  I'.irtlVNl-;  i  ■  i  i  r  j '  ; 

finni  Mi;  !'0i^ .- 

MliDFL  ♦  :  D 

S/N  :  PROTOTYPE 

DATE  TESTED  :  OCTOPFR  13,  1983 

Test  Distance  :  200  ft.  AriMoth  :  100  degrees 

Corrections  based  on  a  field  decay  exponent  of  1 . 9^ 


Freq  . 

HU  5! 

Mtr  Rdg 

iJBtiU 

An  t  . 
f  ac  . 
fitt 

Dist . 

c  orr 

dP 

Total 

dDoy/« 

8  trtile 

Total 
oV/m 
e  iMile 

L  i  M  i  t 
OV/M 
o  iMile 

27.1700 

36.4 

11.0 

-35 . 4 

-8.0 

0.4 

n .  0 

54.3417 

13.4 

13.0 

-55.4 

-29.0 

0.0 

10.0 

81  .SlOri 

26 . 8 

8.7 

-55.4 

-20 . 0 

0.1 

10.0 

108.6833 

25.0 

11 .9 

-55.4 

-18.6 

0.1 

10.0 

1.35.a^541 

P.h  .  4 

12.3 

-55 . 4 

-16.0 

0 .  1 

in .  0 

163.0250 

40.0 

19.4 

-55 . 4 

4.7 

1  .7 

1  n .  n 

190  .  i9!-;o 

32 . 1 

18.3 

-5.3 . 4 

“5.0 

0.6 

10  .  0 

217.3666 

39.0 

16.7 

-55 . 4 

0.3 

1  .  0 

10.0 

244.3374 

24.2 

17.0 

-55. 4 

-14,2 

0.2 

10  .  0 

271 .7083 

33.6 

17.3 

-55.4 

-4.6 

0.6 

10.0 

f  *  '  i 

1  1 

.  .  i . 

t_  i  1  1  1  .i  1*  1  - 

■  Ni  1  i. 

1  rj(,  r.n . 

1  -•  e  '  ee 

1  r  ■  •  * 

1  C.C:  ! 

i  7i.,ti 

N  1 

n^ww; 

h(  1  I  li.  i  .i<  ; 

hdnCL 

* 

0 

:>/N 

PROTOTYPE 

DAie 

TE.^TFD  ! 

ocTonr R 

13>  1987. 

Test 

Distance 

:  200 

Ft.  AtiMuth  !  120 

degrees 

Corrections  based  on 

a  field  decay  exponent  of  1.95 

Freq  . 

Mtr  R<lg 

An  t  . 

Oist . 

Total 

Total 

LiHi  t 

fac  . 

corr 

d  B  0  U  /  n 

uV/tt 

MUt 

dUoV 

fill 

dO 

f?  Inile 

@  Irtile 

e  iMile 

27 . 1  74.1 

31  .0 

11.0 

-55.4 

-12.6 

0.2 

0  .  0 

54,3486 

13.0 

13.0 

-55.4 

-29 . 4 

0  .  0 

10.0 

81 .5229 

26.7 

8.7 

-55 . 4 

-20 . 1 

0.1 

10.0 

1  Of!.  6971 

26.7 

11.9 

-55 . 4 

-16.9 

0.1 

10,0 

l.l;i.r?714 

24  . « 

1 2 .  .T 

-55 , 4 

-IB. 4 

0  .  1 

10,0 

163.0457 

43.1 

19.4 

-55 . 4 

7.0 

2.3 

10.0 

190,2200 

14 . 8 

18.1 

-55 . 4 

-2.3 

0.8 

10.0 

217.3943 

41 , 1 

16.7 

-55 . 4 

2.4 

1 .3 

10.0 

244.5686 

24 . 1 

17.0 

”55 . 4 

•14.1 

0 . 2 

10.0 

271 .7429 

34,2 

17.3 

-55.4 

-4.0 

0.6 

10.0 

V 


f.-' 

L- 

U 

i 


t;;- 


k.- 

L-; 

k. 

!-■ 

i 


&  I  I 

fill!'  J  t,  ;  uiRi'ir-  ii  i  i  U,.  I'd'.  I'i! 

i>.‘M  A  :  A'.- 

r£[.r  :  rc;;  I’Akt  usi;  :;iAi::Nf; 

rtAf'll,  A>-TI>U'i  1^  i 

MdnrL  ♦  :  ^ 

:',/N  :  PROTOTYPE 

DATE  TESTED  :  OCTOBfR  13,  1903 


Test  Distance  :  200  Ft.  Ariwoth  :  140  degr<»**s 

Corrvctions  based  on  a  field  decay  exponent  of  1.9S 


Freq  . 

MHz 

Mtr  Rdg 

dBuU 

Ant . 
fac  . 

dS 

Diet . 
corr 
dB 

T  0 1  1 
dTiy  V/e 
i=»  Irtt  Le 

Total 

UV/M 

0  iMile 

LiMi  t 
oV/m 

8  1 M  i  1  e 

27 . 1 745 

30.6 

11.0 

-55.4 

-13.8 

0.2 

0  .  0 

54 . 3490 

12.1 

13.0 

-55.4 

-30.3 

0.0 

10.0 

81 .5234 

28.4 

8.7 

-55.4 

-10.4 

0.1 

10.0 

10 P.6979 

27.1 

11.9 

-55 . 4 

-16.5 

0.1 

10.0 

1.T5.8724 

29 .  .'3 

12.3 

-55 . 4 

•1.3.4 

0.2 

10.0 

163.0469 

44.9 

19.4 

-55.4 

0.8 

2.8 

10.0 

190.2214 

32.3 

10.3 

.  4 

-4.0 

0.6 

10 . 0 

217.395P 

41 .8 

16.7 

-55 . 4 

.3.1 

1 .4 

10.0 

244.5703 

2H.  0 

17.0 

-55 . 4 

-10,4 

0.3 

10  .0 

271 .7448 

33.9 

17.3 

-55 . 4 

-4.3 

0.6 

10.0 

ETi? 

i'i  'Ti  E*  I  'TR'iN’ii.  r  Nl  I  •'>  !  Wf.  fO 

•.1-  .•  :  ICC  I'Alv'r  JiM*.  i.NoiiMIV  17^1  l.iAMNi,  r- ' 

ilrti . '  •  •I  i  I  !.•  .  ;#  ; 

hi-'Dri.  ♦  :  D 

r»/N  :  PROTOTYPE 

DATE  TESTED  :  OCTOBER  13,  1983 

r«st  Di.'itJ*nc«i  :  200  ft.  AztMuth  :  lAO  degrees 

Corrections  b^sed  on  a  field  decay  exponent  of  1.9b 
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Appendl:t  C. 

Decalls  of  the  calibration  of  an  EMCO  3104  biconical  antenna  are 
reported.  Calibration  data  for  this  antenna  at  27  MHz  and  109  MHz  are 
given. 
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1.  PURPOSE 

To  callbraLc  ;i  biconical  antenna  at  ?.l  and  109  MHZ  so  that  the  antenna 
may  he  used  to  transmit  a  calibrated  RF  field  or  mt'asure  an  unknown  KP 
field.  This  procedure  yields  the  absolute  ftain  over  an  isotropic  source 
for  an  antenna,  which  can  be  used  to  determine  an  antenna  factor  to  use  for 
measuring  purposes. 


■  •  *■  >  ^ 


.‘•’A*.  .  • 

‘  A.*  ^  t  . 


IT.  THEORY  OF  OPERATION 

This  calibration  procedure  is  based  on  the  material  presented  in  [1] 
and  is  summarized  below. 


The  absolute  >;ain  of  an  antenna  over  an  l^;ot  ropic  source  can  be  deter¬ 
mined  if  there  are  three  relatively  similar  an  ennas  (tliat  is  three  anten¬ 
nas  with  similar  radiating  patterns).  This  method  is  based  on  t ne  re  1. it  ion 
of  the  product  of  two  antenna  gains  to  the  received  and  transmitted  power 
given  by  equation  1  when  the  two  antennas  are  set  up  so  that  one  is 
transmitting  to  the  other. [21 


G  =  /G, 


bl^2 


4ns 


'Wr 

Wt 


(eq.  1) 


where  G^  ^  is  the  gain  of  antenna  1 
is  gain  of  antenna  2 


s 

is 

the 

spacing  between 

the  two  antennas 

X 

is 

the 

wavelength 

«r 

is 

the 

received  power. 

and 

Wt 

is 

the 

transmitted  power 

If  three  antennas  are  used  then  there  are  three  possible  combinations 
of  two  antennas  and  three  gain  measurements.  From  these  three  measured 
product  gains  the  gain  of  each  antenna  can  be  calculated  as  follows; 

If  the  test  configurations  are 

Transmit  Receive 
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“  transmitted  power  of  nth  configuration 


then 
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By  assuming  that  Sl=S2=S3=S  and  -X  which  can  be  achieved  by 

using  identical  test  configurations. 


fro.  (A)  ^ 


,w_ 


r  -  f^nSA2  rl  1 


from  (B)  Gq2Go3 
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equating  (Al)  and  (Bl)  gives 
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substituting  (D) 
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G  3 

AttS 
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substituting  (E) 
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Thus,  (E),  (F),  and  (G)  are  expressions  for  the  absolute  gains  of 
antennas  1,2,  and  3  respectively. 


The  conversion  to  antenna  factor  from  power  ratio  gain  in  dB  can  then 
be  calculated  using  equation  2.  This  antenna  factor  is  then  added  to  a 
voltmeter  reading  to  obtain  the  absolute  signal  strength  in  dBuV/m. 

K  =  2Dlog(f)-G-29.8  (eq.  2) 

for  Z  =  50  ohm 


where  K*  antenna  factor  in  dBuV/m 
f»  frequency  in  MHZ 
G“  antenna  power  ratio  gain  in  dB 


III.  EQUIPME.'JT 


Antennas 

Biconical  antenna,  EMCO  model  3104,  O.H.  i-o.  1484 
Dipole  antenna  CU-683/URM-7 ,  O.U.  no.  037^' 

Dipole  antenna  marked  'EMI  REFERENCE' 

11  antenna  elements  AB-21/GR 
2  antenna  elements  AT-848/URM-7 
2  aluminum  antenna  elements  40  Inches  loi:g 

Signal  generator 

Wavetek  3000  -  O.U.  no.  1298 

Avantek  RF  power  amplifier 

Detection  units 

EMC-25  Selective  voltmeter 
HP141T  Spectrum  analyzer 

Directional  Coupler 

HP778D  Dual  Directional  coupler  serial  no.  1144A34704 
Antenna  towers 

Clark  tower  -  max.  height  approx.  70  feet 
Tripod  stand  ^f^-1947/URM-7  -  max.  height  15  feet 
Tripod  stand  TRP-25,  O.U.  no.  1483 

Cables  -  all  cables  to  be  50  ohm  coaxial 

EMI  cable  A  (approximately  35  feet  long) 

EMI  cable  B  (approximately  80  feet  long) 

Several  short  interconnect  cables 

DC  power  supply 

HP  6237B  triple  output 

AC  power  source 

gas  powered  alternator 
100  ft.  extension  cord 
multiple  outlet  extension  cord 

Connectors  for  all  setups 


[V.  SKTIIP 


T!ie  entire  test  setup  is  to  be  located  in  a  place  that  is  as  free  from 
RF  noise  as  possible  and  clear  of  any  large  metallic  objects  that  may  in 
any  way  alter  the  propagation  of  the  transmitted  signal.  It  is  suggested 
that  any  large  metallic  objects  in  the  test  area  be  at  a  distance  from 
either  antenna  equal  to  not  less  than  three  times  the  spacing  between  the 
two  antennas.  Alsu  the  area  chosen  should  be  as  flat  as  possible  and  the 
surface  should  be  of  approximately  the  same  material  throughout  the  test 
area. 


The  two  antennas  are  to  be  separated  by  a  distance  such  that  the 
receiving  antenna  is  in  the  ’far  field'  of  the  transmitted  signal.  This 
distance  is  to  be  a  minimum  of  three  times  the  wavelength. [3]  In  addition, 
the  two  antennas  are  to  be  oriented  for  maximum  coupling  and  placed  on 
towers  at  heights  such  that  the  summation  of  the  direct  wave  and  the  ground 
reflected  wave  is  a  maximum. 


The  height  requirement  of  the  antenna  setup  is  that  the  two  antennas 
be  at  heights  that  cause  the  ground  reflected  wave  present  at  the  receiving 
antenna  to  be  in  phase  with  the  direct  wave,  so  that  a  maximum  signal  is 
received.  The  height  requirement  is  due  to  the  fact  that  near  the  point  of 
maximum  combined  signals  the  variation  in  signal  strength  with  height  is  at 
a  minimum,  thus  giving  a  more  uniform  field.  Although  the  point  where  the 
antenna  must  be  placed  has  to  be  determined  by  moving  the  antenna  ver¬ 
tically  and  watching  the  received  signal  for  a  maximum,  a  simplified  for¬ 
mula  that  gives  antenna  height  h2  in  terms  of  antenna  height  hp  spacing  S, 
and  the  wavelength  is  given  in  equation  3. [4] 


^2  •  4  *  I;; 


(eq.3) 


with  n»>  0,2,4,...  for  minimuras  and 
n=  1,3,3,...  for  maximuras 
providing  S  »  h^  or  h^ 

The  signal  generator  Avantek  amplifier  combination  is  used  as  the 
source  for  the  transmitting  antenna  and  the  HP141T  spectrum  analyzer  is 
used  to  measure  the  received  signal.  The  output  of  the  RF  amplifier  is  fed 
to  the  transmitting  antenna  through  the  dual  directional  coupler.  The  dual 
directional  coupler  is  used  so  chat  the  forward  and  reflected  power  to  the 
transmitting  antenna  can  be  measured  with  the  EMC-25  receiver.  The 
transmitted  power  is  then  calculated  by  subtracting  the  reflected  power 
from  the  forward  power.  Note  that  the  cable  attenuation  must  be  considered 
when  performing  the  measurements  of  forward,  reflected,  and  received  power. 
Also  note  that  the  value  of  the  transmitting  antenna  cable  attenuation  is 
subtracted  from  the  measured  forward  power  and  is  added  to  the  measured 
reflected  power. 
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V 


PHOCEDURES 


1.  Set  tip  the  equipment  as  described  in  Lite  SETUP  section  with  the  DC 
power  supply  pro''iding  power  to  the  Avantek  RF  power  amplifier.  Turn  on 
all  the  equipment  and  adjust  the  controls  so  that  a  signal  at  least  20  dB 
above  the  noise  level  can  be  detected  at  the  receiving  end.  Note  that  a 
load  should  he  applied  to  the  RF  power  amp  before  DC  power  is  applied. 

2.  Adjust  one  or  both  antennas  in  altitude  and/or  orientation  so  that 
a  maximum  signal  level  of  sufficient  amplitude  (>20  dB  above  noise)  is 
detected  at  the  receiver. 

3.  Record  the  forward,  reflected,  and  received  power.  Also  record  the 
frequency  setting,  height  of  both  antennas,  and  the  spacing  between  anten¬ 
nas  along  with  the  description  of  the  two  antennas  used. 

4.  Exchange  the  transmitting  antenna  with  the  antenna  previously 
unused,  keeping  the  height  and  spacing  of  the.  antennas  the  same  (remember 
to  turn  off  power  to  the  RF  power  amp  before  disconnecting  the  transmitting 
antenna).  Turn  the  power  amp  back  on  when  the  antenna  is  in  place  and 
adjust  the  signal  generator  setting,  if  necessary,  to  obtain  proper 
received  signal. 

5.  Record  the  information  listed  in  part  3  for  this  antenna  con¬ 
figuration. 

6.  Obtain  the  measurements  for  the  final  configuration  by  exchanging 
the  receiving  antenna  with  the  antenna  first  uped  as  the  transmitting 
antenna  and  repeating  the  procedures  above. 

7.  Compute  the  gain  of  the  antennas  using  the  formulas  presented  and 
the  transmitted  and  received  power  just  measured.  Remember  that  the 
transmitted  power  is  equal  to  the  forward  power  minus  the  reflected  power 
(do  not  forget  to  convert  from  dBm  to  watts  before  subtracting). 


VI.  EXAMPLE 


This  section  <lescribes  in  detail  the  test  s«*liip  used  on  September 
9,1983  and  tlie  results  obtained  by  Jim  Nickum,  Hill  Drury,  and  Dave  Quinet 
Antenna  numbers  given  are  referenced  to  the  configurations  in  the  'THEDRY 
OF  OPERATION'  section. 

109  MHZ 

Antenna  1;  Dipole  antenna  CU-683/URM-7  with 
AT-848/URM-7  element  each  side  extended  for  antenna  length 
equal  to  1/2  wavelength  at  109  MHZ. 

Antenna  2;  Dipole  antenna  '6MI  REFERENCE'  with  AB-21/GR 
element  each  side. 

Antenna  3:  Biconical  antenna  EMCO  3104 
Separation  distance:  41  feet 
Receiving  antenna  height:  6  feet 
Transmitting  antenna  height:  13  feet 
Pf^dl  ”  “^*2  dBm  =»  120.2  E-3  mW 
^rfll  ”  dBm  -  26.3  E-3  mW 

Wfi  -  PfwdT^'rfll  “ 

=•  -44.2  dBm 

Pfwd2“  “9.2  dBm  -  120.2  E-3  mW 
Pj.fj^2”  “  26»3  E-3  raW 

W^2  ■  -10.3  dBm 
W^2  ■  -AS. 2  dBm 

Pf^d3“  ~9.2  dBm  -  120.2  E-3  mW 
Py£2^2“  -15.8  dBm  ■  26.3  E-3  raW 
■  -10.3  dBm 
-  -39.7  dBm 


Si  -  2.17 
%2  -  1-72 

^2  -  Biconical  gain  -  0.61 


Biconical  antenna  factor  ••  13.1  dB 

IZ.  MHZ 

Antenna  1:  Dipole  antenna  CU-683/URM-7  with  U  AB-21/GR 
elements  plus  AT-848/URM-7  elements  each  side  extended  to 
1/2  wavelength  at  27  MHZ, 

Antenna  2:  Dipole  antenna  marked  'EMI  REFERENCE'  with 
three  AB-21/GR  elements  plus  aluminum  extensions  each  side. 
Length  equal  to  1/2  wavelength  at  27  MHz. 

Antenna  3:  Biconical  antenna  EMCO  310  4 

Separation  distance:  100  feet 

Receiving  antenna  height:  63  feet 

Transmitting  antenna  height:  13  feet 

Pfwdi”  “7.8  dBm  =  166  E-3  mW 

-19.0  dBm  -  12.59  E-3  mW 

Wti  =  -8.14  dBm 

-  -53.5  dBm 

Pfwj2“  "7.8  dBm  -  166  E-3  mW 
Pj.jj^2'“  “17 *8  dBm  *  16.6  E-3  mW 
W^2  ”  -3.25  dBm 
W^2  “  “54.0  dBm 

Pf^d3“  “7  *8  dBm  ■  166  E-3  mW 
P^£j^2“  “17.8  dBm  •  16.6  E-3  mW 
Wj.3  -  -8.25  dBm 
Wy3  -  -33.5  dBm 

(^1  -  1.96 

^2  -  1*79 

G^3  “  Gain  of  Biconical  -  0,017 
Biconical  antenna  factor  >■  16.4  dB 
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